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PREFACE. 


The  pro^refts  of  our  knowledge  relating  to  the  bacteria  has  been 
S4>  mpid  and  the  literature  of  the  subject  is  now  so  extensive  that  it 
is  no  small  task  to  keep  pace  with  this  progress,  even  when  one  has 
the  literature  at  hand  and  devotes  a  large  share  of  his  time  to  bac- 
t4*riological  studies.  Fortunately,  recent  researches  in  this  depart- 
ment of  science  have  been  largely  made  by  exact  methods  and  by 
tnuned  investigators,  and  the  results  can  be  accepted  as  well  estab- 
lished. A  manual  of  bacteriology,  therefore,  which  fairly  represents 
the  present  state  of  knowledge,  will  consist  largely  of  a  statement  of 
facts  established  by  experimental  data,  and  cannot  fail  to  be  of  value 
to  physicians  and  to  advanced  students  of  bacteriology  as  a  work  of 
reference.  The  present  volume  is  an  attempt  to  supply  such  a 
manual,  and  at  the  same  time  a  text  book  of  bacteriology  for  stu- 
dents and  guide  for  laboratory  work.  That  portion  of  the  book 
which  is  printed  in  large  type  will,  it  is  hoped,  be  found  to  give  an 
accurate  and  suflSciently  extended  account  of  the  most  important 
pathogenic  bacteria,  and  of  bacteriological  technology,  to  serve  as  a 
t^'xt  book  for  medical  students  and  others  interested  in  this  depart- 
ment of  science.  The  descriptions  of  non-pathogenic  bacteria,  and 
of  the  less  important  or  imperfectly  described  species  of  pathogenic 
bacteria,  are  given  in  smaller  type.  In  the  preparation  of  this  man- 
ual various  text  books  in  foreign  languages  have  been  consulted,  and 
1  am  especially  indebted  to  the  works  of  Fliigge,  of  Baumgarten, 
and  of  Eisenberg.  But  the  descriptions  of  species  and  experimental 
data  have  been  very  largely  taken  from  original  memoirs.  '  The 
illustrations  also  are  to  a  considerable  extent  reproductions  from 
the  original  papers  of  those  engaged  in  research  work. 

New  York,  April  Ist,  1892. 
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PART    FIRST. 


I. 

HISTORICAL. 

It  is  probable  that  Leeuwenhoeck,  *^  the  father  of  microscopy/' 
observed  some  of  the  larger  species  of  bacteria  in  faBces,  putrid  in- 
fusions, etc.,  which  he  examined  with  his  magnifying  glasses  (1675), 
but  it  was  nearly  a  century  later  before  an  attempt  was  made  to  de- 
fine the  characters  of  these  minute  organisms  and  to  classify  them 
(O.  F.  MuUer,  1773). 

In  the  absence  of  any  reliable  methods  for  obtaining  pure  cultures, 
it  is  not  surprising  that  the  earlier  botanists,  in  their  e£Forts  to  classify 
naicroorganisms,  fell  into  serious  errors,  one  of  which  was  to  include 
under  the  name  of  infusoria  various  motile  bacteria.  These  are  now 
generally  recognized  as  vegetable  organisms,  while  the  Infusoria  are 
unicellular  animal  organisms. 

Ehrenberg  (1838),  under  the  general  name  of  Vibrioniens,  de- 
scribes four  genera  of  filamentous  bacteria,  as  follows  : 

1.  Bacterium — ^filaments  linear  and  inflexible ;  three  species. 

2.  Vibrio — ^filaments  Unear,  snake-like,  flexible  ;  nine  species. 

3.  Spirillum — ^filaments  spiral,  inflexible ;  three  species. 

4.  Spirochcete — filaments  spiral,  flexible  ;  one  species. 

These  vibrioniens  were  described  by  Ehrenberg  as  "  filiform  ani- 
mals, distinctly  or  apparently  polygastric,  naked,  without  external 
organs,  with  the  body  uniform  and  united  in  chains  or  in  filiform 
series  as  a  result  of  incomplete  division." 

Dujardin  (1841)  also  placed  the  vibrioniens  of  Ehrenberg  among 
the  infusoria,  describing  them  as  ^'filiform animals,  extremely  slen- 
der, without  appreciable  organization,  and  without  visible  locomotive 
organs.'' 

Charles  Robin  (1853)  suggested  the  relationship  of  Ehrenberg's 
vibrioniens  with  the  genus  LeptothriXy  which  belongs  to  the  algse ; 
and  Davaine  (1859)  insisted  that  the  vibrioniens  are  vegetable  organ- 
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isms,  nearly  allied  to  the  algae.  His  classification  will  be  found 
in  the  **  Dictionnaire  Encyclop.  des  Sciences  Medicales,"  art.  '*  Bac- 
teries  '*  (1868).  This  view  is  also  sustained  by  the  German  botanist 
Cohn  and  is  now  generally  accepted. 

Spallanzani,  in  1776,  endeavored  to  show  by  experiment  that  the 
generally  received  theory  of  the  spontaneous  generation  of  micro- 
organisms in  organic  liquids  was  not  true.  This  he  did  by  boiling- 
putrescible  Uquids  in  carefully  sealed  flasks.  The  experiment  was. 
not  always  successful,  but  in  a  certain  number  of  instances  the 
liquids  were  sterilized  and  remained  unchanged  for  an  indefinite 
period.  The  objection  was  raised  to  these  experiments  that  the  oxy- 
gen of  the  air  was  excluded  by  hermetically  sealing  the  flasks,  and 
it  was  claimed,  in  accordance  with  the  views  of  Gay-Lussac,  that 
free  admission  of  this  gas  was  essential  for  the  development  of  fer- 
mentation. 

This  objection  was  met  by  Franz  Schulze  (1836),  who  admitted  air 
to  boiled  putrescible  liquids  by  drawing  it  through  strong  sulphuric 
acid,  in  which  suspended  microorganisms  were  destroyed.  He  thus 
demonstrated  that  boiled  solutions,  which,  when  exposed  to  the  air 
without  any  precautions,  quickly  fell  into  putrefaction,  remained  un- 
changed when  freely  supplied  with  air  which  had  been  passed  through 
an  agent  capable  of  quickly  destroying  all  living  organisms  con- 
tained in  it. 

Schwann  (1839)  demonstrated  the  same  fact  by  another  method. 
Air  was  freely  admitted  to  his  boiled  liquids  through  a  tube  which 
was  heated  to  a  point,  which  insured  the  destruction  of  suspended 
microorganisms.  The  same  author  is  entitled  to  the  credit  of  hav- 
ing first  clearly  stated  the  essential  relation  of  the  yeast  plant — 
Saccharomyces  cereinsice — to  the  process  of  fermentation  in  saccha- 
rine liquids,  which  results  in  the  formation  of  alcohol  and  carbonic 
acid. 

Helmholtz,  in  1843,  repeated  the  experiments  of  Schwann  with 
calcined  air,  and  arrived  at  similar  results — i.e.,  he  found  that  the 
free  admission  of  calcined  air  to  boiled  organic  infusions  did  not  pro- 
duce fermentation  of  any  kind. 

It  was  objected  to  these  experiments  that  the  air,  having  been 
subjected  to  a  high  temperature,  had  perhaps  undergone  some  chem- 
ical change  which  prevented  it  from  inaugurating  processes  of  fer- 
mentation. 

This  objection  was  met  by  Schroder  and  Von  Dusch  (1854)  by  a 
very  simple  device  which  has  since  proved  to  be  of  inestimable  value 
in  bacteriological  researches.  These  observers  showed  that  a  loose 
plug  of  cotton,  through  which  free  communication  with  the  external 
air  is  maintained,  excludes  all  suspended  microorganisms,  and  that 


Digitized  by  CjOOQIC 


HISTORICAL.  O 

air  passed  through  such  a  filter  does  not  cause  the  fermentation  of 
boiled  organic  liquids. 

The  experiments  of  Pasteur  and  of  Hoffman,  made  a  few  years 
later,  showed  that  even  without  a  cotton  filter,  when  the  neck  of  the 
flask  containing  the  boiled  liquid  is  long  drawn  out  and  turned  down- 
ward, the  contents  may  be  preserved  indefinitely  without  change. 
In  this  case  suspended  particles  do  not  reach  the  interior  of  the  flask, 
as  there  is  no  current  of  air  to  carry  them  upward  through  its  long- 
drawn-out  neck,  and  they  are  prevented  by  the  force  of  gravity  from 
ascending. 

Tyndall  showed  at  a  later  date  that  in  a  closed  chamber,  in  which 
the  air  is  not  disturbed  by  currents,  all  suspended  particles  settle  to 
the  floor  of  the  chamber,  leaving  the  air  optically  pure,  as  is  proved 
by  passing  a  beam  of  light  through  such  a  chamber. 

Notwithstanding  the  fact  that  the  experimenters  mentioned  had 
succeeded  in  keeping  boiled  organic  liquids  sterile  in  flasks  to  which 
the  oxygen  of  the  air  had  free  access,  the  question  of  the  possibility 
of  spontaneous  generation — heterogenesis — still  remained  unsettled, 
inasmuch  as  occasionally  a  development  of  bacterial  organisms  did 
occur  in  such  boiled  liquids. 

This  fact  was  explained  by  Pasteur  (1860),  who  showed  that  the 
generally  received  idea  that  the  temperature  of  boiling  water  must 
destroy  all  living  organisms  was  a  mistaken  one,  and  that,  especiall}' 
in  alkaline  liquids,  a  higher  temperature  was  required  to  insure  ster- 
ilization. His  experiments  showed  that  a  temperature  of  110°  to 
112^  C.  (230°  to  233.6°  F.),  which  he  obtained  by  boiling  under  a 
pressure  of  one  and  a  half  atmospheres,  was  sufficient  in  every  case. 
These  experiments,  which  have  been  repeated  by  numerous  investi- 
gators since,  settled  the  spontaneous-generation  controversy  ;  and  it 
is  now  generally  admitted  that  no  development  of  microorganisms 
occurs  in  organic  Uquids,  and  no  processes  of  putrefaction  or  fermen- 
tation occur  in  such  liquids,  when  they  are  completely  sterilized  and 
guarded  against  the  entrance  of  Uving  germs  from  without. 

Pasteur  at  a  later  date  (1865)  showed  that  the  atmospheric  or- 
ganisms which  resist  the  boiling  temperature  are  in  fact  reproduc- 
tive bodies,  or  spores ^  which  he  described  under  the  name  of  "  corpus- 
cles ovoides ''  or  **  corpuscles  brillants. "  Spores  had  been  previously 
seen  by  Perty  (1852)  and  Robin  (1853),  but  it  was  not  until  1876  that 
the  development  of  these  reproductive  bodies  was  studied  with  care 
by  Cohn  and  by  Koch.  The  last-named  observer  determined  the 
conditions  under  which  spores  are  formed  by  the  anthrax  bacillus. 
Five  years  later  (1881)  Koch  published  his  valuable  researches  relat- 
ing to  the  resisting  power  of  anthrax  spores  to  heat  and  to  chemical 
agents. 
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The  development  of  our  knowledge  relating  to  the  bacteria^ 
stimulated  by  the  controversy  relating  to  spontaneous  generation 
and  by  the  demonstration  that  various  processes  of  fermentation 
and  putrefaction  are  due  to  microorganisms  of  this  class,  has 
depended  largely  upon  improvements  in  methods  of  research. 
Among  the  most  important  points  in  the  development  of  bacterio- 
logical technique  we  may  mention,  first,  the  use  of  a  cotton  air 
filter  (Schroder  and  Von  Dusch,  1854)  ;  second,  the  sterilization  of 
culture  fluids  by  heat  (methods  perfected  by  Pasteur,  Koch,  and 
others) ;  third,  the  use  of  the  aniline  dyes  as  staining  agents  (first 
recommended  by  Weigert  in  1877)  ;  fourth,  the  introduction  of 
solid  culture  media,  and  the  **  plate  method  "  for  obtaining  pure  cul- 
tures, by  Koch  in  1881. 

The  various  improvements  in  methods  of  research,  and  espe- 
cially the  introduction  of  solid  culture  media  and  Koch's  "plate 
method*'  for  isolating  bacteria  from  mixed  cultures,  have  placed 
bacteriology  upon  a  scientific  basis,  and  have  shown  that  many  of 
the  observations  and  inferences  of  the  earlier  investigators  were 
erroneous  owing  to  the  imperfection  of  the  methods  employed. 

Since  it  has  been  demonstrated  that  certain  infectious  diseases  of 
man  and  the  lower  animals  are  due  to  organisms  of  this  class,  phy- 
sicians have  been  especially  interested  in  bacteriological  researches, 
and  the  progress  made  during  the  past  fifteen  years  has  been  largely 
due  to  their  investigations.  It  was  a  distinguished  French  physi- 
cian, Davaine,  who  first  demonstrated  the  etiological  relation  of  a 
microorganism  of  this  class  to  a  specific  infectious  disease.  The  an- 
thrax bacillus  had  been  seen  in  the  blood  of  animals  dying  from  this 
disease  by  Pollender  in  1849  and  by  Davaine  in  1850,  but  it  was  sev- 
eral years  later  (1863)  before  the  last-named  observer  claimed  to 
have  demonstrated  by  inoculation  experiments  the  causal  relation  of 
the  bacillus  to  the  disease  in  question. 

The  experiments  of  Davaine  were  not  generally  accepted  as  con- 
clusive, because  in  inoculating  an  animal  with  blood  containing  the 
bacillus,  from  an  infected  animal  which  had  succumbed  to  the 
disease,  the  living  microorganism  was  associated  with  material 
from  the  body  of  the  diseased  animal.  This  objection  was  subse- 
quently removed  by  the  experiments  of  Pasteur,  Koch,  and  many 
others  with  pure  cultures  of  the  bacillus,  which  were  shown  to  have 
the  same  pathogenic  effects  as  had  been  obtained  in  inoculation  ex- 
periments with  the  blood  of  an  infected  animal. 

The  next  demonstration  of  the  causal  relation  of  a  parasitic  mi- 
(rroorganism  to  an  infectious  malady  was  made  by  Pasteur,  who  de- 
voted several  years  to  the  study  of  an  infectious  disease  of  silkworms 
which  threatened  to  destroy  the  silk  industry  of  France — pebrine. 
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In  1873  Obenneier,  a  German  physician,  announced  the  discov- 
ery, in  the  blood  of  patients  suflEering  from  relapsing  fever,  of  a  mi- 
nute, spiral,  actively  motile  microorganism — the  Spirochcete  Ober- 
meieri — which  is  now  generally  recognized  as  the  specific  infectious 
agent  in  this  disease. 

The  very  important  work  of  Koch  upon  traumatic  infectious 
diseases  was  published  in  1878. 

In  1879  Hansen  reported  the  discovery  of  bacilli  in  the  cells  of 
leprous  tubercles,  and  subsequent  researches  have  shown  that  this 
bacillus  is  constantly  associated  with  leprosy  and  presumably  bears 
an  etiological  relation  to  the  disease. 

In  the  same  year  (1879)  Neisser  discovered  the  *'  gonococcus  "  in 
gonorrboeal  pus. 

The  bacillus  of  typhoid  fever  was  first  observed  by  Eberth,  and 
independently  by  Koch,  in  1880,  but  it  was  not  until  1884  that  Gaff- 
ky's  important  researches  relating  to  this  bacillus  were  published. 

In  1880  Pasteur  published  his  memoir  upon  fowl  cholera,  and  the 
same  year  appeared  several  important  communications  from  this 
pioneer  in  bacteriological  research  upon  the  "attenuation"  of  the 
virus  of  anthrax  and  of  fowl  cholera  and  upon  protective  inocula- 
tions in  these  diseases. 

In  1880  the  present  writer  discovered  a  pathogenic  micrococcus, 
which  he  subsequently  named  Micrococcus  Pasteur i,  and  which  is 
now  generally  recognized  as  the  usual  agent  in  the  production  of 
acute  croupous  pneumonia — commonly  spoken  of  as  the  **diplococ- 
cus  pneumoniaB,"  but  described  in  the  present  volume  under  the 
name  of  Micrococcus  pjieumonioe  crouposce. 

In  1881  several  important  papers  by  Koch  and  his  colleagues  ap- 
peared in  the  first  volume  of  the  *'  Mittheilungen  "  published  by  the 
Imperial  Board  of  Health  of  Germany. 

The  following  year  (1882)  Koch  published  his  discovery  of  the 
tubercle  bacillus. 

The  same  year  Pasteur  published  his  researches  upon  the  disease 
of  swine,  known  in  France  as  rouget. 

The  same  investigator  (Pasteur)  also  published  in  1882  his  first 
communication  upon  the  subject  of  rabies. 

Another  important  discovery  was  made  in  1882  by  the  German 
physicians  LofHer  and  Schiitz,  viz.,  that  of  the  bacillus  of  glan- 
ders. 

Koch  published  his  discovery  of  the  cholera  spirillum — '*  comma 
bacillus  "—in  1884. 

The  same  year  (1884)  Loffler  discovered  the  diphtheria  bacillus. 
Another  important  publication  during  the  same  year  was  that  of 
Rosenbach,  who,  by  the  application  of  Koch's  methods,  fixed  defi- 
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nitely  the  characters  of  the  various  microorganisms  found  in  pus 
from  acute  abscesses,  etc. 

The  tetanus  bacillus  was  discovered  in  1884  by  Nicolaier,  a  stu- 
dent in  the  laboratory  of  Prof.  Fliigge,  of  Gottingen.  That  this 
bacillus  is  the  cause  of  tetanus  in  man  has  been  demonstrated  by  the 
subsequent  researches  of  numerous  investigators.  For  an  exact  knowl- 
edge of  its  biological  characters  we  are  especially  indebted  to  Kitasato. 

So  far  as  human  pathology  is  concerned,  no  important  pathogenic 
microorganism  has  been  discovered  since  the  year  1884  until  the 
present  year  (1892).  After  numerous  unsuccessful  researches  by 
competent  bacteriologists,  a  bacillus  has  finally  been  discovered  by 
Pfeiffer,  of  Berlin,  and  independently  by  Canon,  which  is  believed 
to  be  the  specific  cause  of  influenza. 

Having  briefly  passed  in  review  some  of  the  principal  events  in 
the  progress  of  our  knowledge  in  this  department  of  scientific  inves- 
tigation, it  will  be  of  interest  to  students  to  know  something  more  of 
the  literature  of  bacteriology.  Important  papers  have  appeared  in 
medical  and  scientific  journals  in  all  countries,  and  research  work  of 
value  has  been  done  by  enthusiastic  investigators  of  nearly  every 
nation.  The  brilliant  pioneer  work  done  by  Pasteur  and  by  Koch 
has  attracted  to  them  many  pupils  and  has  made  France  and  Ger- 
many the  leading  countries  in  this  line  of  investigation.  The  very 
great  advantages  of  Koch's  methods  of  research,  introduced  at  the 
commencement  of  the  last  decade,  have  attracted  many  students 
from  various  parts  of  the  world  to  Berlin,  and  to  other  cities  of  Ger- 
many where  instruction  was  to  be  obtained  from  some  of  Koch's 
earlier  pupils.  But  to-day  bacteriological  laboratories  have  been 
established  in  all  parts  of  the  world,  and  it  is  no  longer  necessary  to 
go  to  Germany  to  obtain  such  instruction.  The  literature  of  the  sub- 
ject is,  however,  largely  in  the  German  and  French  languages.  We 
can  only  refer  here  to  such  periodicals  as  are  principally  devoted  to 
bacteriological  research  work. 

The  Zeitschrift  fiir  Hygiene  has  been  published  since  1886,  and 
contains  numerous  valuable  papers,  contributed  for  the  most  part  hy 
the  pupils  of  Koch  and  of  Fliigge,  who  are  the  editors  of  the  journal. 
Nine  volumes,  each  containing  three  numbers,  have  thus  far  been 
pubUshed  (1891). 

The  Annales  de  VInstitut  Pasteur  is  a  monthly  journal  which  has 
been  published  since  1888.  It  is  edited  by  Duclaux,  and  contains  many 
important  papers  and  reviews,  as  well  as  the  statistics  of  the  Pasteur 
Institute  relating  to  preventive  inoculations  against  hydrophobia. 

The  Annales  de  Micrography  is  a  monthly  journal,  published  in 
Paris.  It  is  now  (1892)  in  its  fourth  year.  The  principal  editor  is 
Miquel. 
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The  Centralhlatt  fiir  Bakteriologie  und  Parasitenkunde  is  a 
weekly  journal  which  has  been  published  by  Gustav  Fischer,  of 
Jena,  since  1887.  The  editors  are  Uhlworm,  of  Cassel;  Loffler,  at 
present  professor  at  Greifswald;  and  Leuckart,  professor  at  Leipzig. 

A  most  important  work  for  students  of  bacteriology  is  the  Jahres- 
bericht  of  Baumgarten,  which  has  been  published  since  1885  by 
Harald  Bruhn,  Braunschweig,  Germany.  This  gives  a  brief  abstract 
of  nearly  every  paper  of  importance  relating  to  the  subject  which 
has  been  published  during  the  year. 
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The  earlier  naturalists — Ehrenberg  (1838),  Dujardin  (1841) — 
placed  the  bacteria  among  the  infusoria;  but  they  are  now  recog- 
nized as  vegetable  microorganisms,  differing  essentially  from  the 
infusoria,  which  are  unicellular  animal  brganisms.  One  of  the  prin- 
cipal points  in  differentiating  animal  from  vegetable  organisms 
among  the  lowest  orders  of  living  things  is  the  fact  that  animal 
organisms  receive  food  particles  into  the  interior  of  the  body,  assimi- 
lating the  nutritious  portion  and  subsequently  extruding  the  non- 
nutritious  residue  ;  vegetable  organisms,  on  the  other  hand,  are 
nourished  through  the  cell  wall  which  encloses  their  protoplasm,  by 
organic  or  inorganic  substances  held  in  solution. 

Ehrenberg  (1838),  under  the  name  of  vibrioniens,  established  four  gen- 
era, as  follows: 

1.  Bacterium — filaments  linear  and  inflexible. 

2.  Vibrio — filaments  linear,  snake-like,  flexible. 

3.  Spirillum — filaments  spiral,  inflexible. 

4.  'Spiroclicete — filaments  spiral,  flexible. 

Dujardin  (1841)  united  the  two  genera  Spirillum  and  Spirochcpie  of 
Ehrenberg,  and  added  to  the  description  of  the  generic  characters  as  fol- 
lows : 

1.  Bacterium — filaments  rigid,  with  a  vacillating  movement. 

2.  Vibrio — filaments  fiexible,  with  an  undulatory  movement. 

3.  Spirillum — filaments  spiral,  movement  rotatorv. 

It  will  be  seen  that  this  classification  leaves  no  place  for  the  motionless 
bacilli,  such  as  the  anthrax  bacillus  and  many  others,  and  does  not  include 
the  spherical  bacteria,  now  called  micrococci. 

The  classification  of  Davaine  (1808)  provides  for  the  motionless,  fila- 
mentous bacteria,  but  does  not  include  the  micrococci.  This  author  first 
insisted  that  the  vibrioniens  of  Ehrenberg  are  truly  vegetable  organisms, 
allied  to  the  algae.     He  makes  four  genera,  as  follows: 

Filaments    straight    or    bent,  i  Moving    spontane-  S  Rigid  Bacterium, 
but  not  in  a  spiral,  <.      ously.  )  Flexible  Vibrio. 

( Motionless,        .         Bacteridium, 
Filaments  spiral, Spirillum, 

Following  Davaine,  the  French  bacteriologists  frequently  speak  of  the 
motionless  anthrax  bacillus  as  la  bacteridie. 

Hoffman  in  1869  included  in  his  classification  the  spherical  bacteria, 
and  pointed  out  the  fact  that  motility  could  not  be  taken  as  a  generic  char- 
acter, as  it  was  not  constant  in  the  same  species  and  depended  to  some  ex- 
tent upon  temperature  conditions,  etc. 
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Having  determined  that  the  bacteria  are  truly  vegetable  organ- 
isms, the  attention  of  botanists  has  been  given  to  the  question  as  to 
what  class  of  v^etable  organisms  they  are  most  nearly  related  to. 
There  are  decided  differences  of  opinion  in  this  regard.  While  Da- 
vaine,  Rabenhorst,  and  Cohn  insist  upon  their  affinities  with  the 
algSB,  Robin,  Nageli,  and  others  consider  them  fungi.  One  of  the 
principal  characters  which  distinguish  the  algae  from  the  fungi  is 
the  presence  of  chlorophyll  in  the  former  and  its  absence  in  the  latter. 
Now,  the  bacteria  are  destitute  of  chlorophyll,  and  in  this  regard 
resemble  the  fungi;  yet  in  others  their  affinities  with  the  Palmellacece 
and  Oscillatoriacece  are  unmistakable.  It  is  not  necessary,  how- 
ever, that  we  should  consider  them  as  belonging  to  either  of  these 
classes  of  the  vegetable  kingdom.  By  considering  them  a  distinct 
class  of  unicellular  vegetable  organisms,  under  the  general  name  of 
bacteria,  we  may  avoid  the  difficulties  into  which  the  botanists  have 
fallen. 

We  must  refer  briefly,  however,  to  the  classification  proposed  by  some 
of  the  leading  Grerman  botanists. 

Nageli,  placing  the  bacteria  among  the  lower  f un^i,  which  give  rise  to 
the  decomposition  of  organic  substances,  divides  these  into  three  groups: 

1.  The  Miicornni,  or  mould  fungi. 

2.  The  Saccharomycetes,  or  budding  fungi,  which  produce  alcoholic  fer- 
mentation in  saccharine  liquids. 

3.  The  SchizomyceteSy  or  fission  fungi,  which  produce  putrefactive  pro- 
cesses, etc. 

Cohn,  under  the  name  of  Schizophytes,  has  grouped  these  low  vegetable 
organisms,  whetlier  provided  or  not  with  chlorophyll,  into  two  tribes  hav- 
ing the  following  characters : 

1.  GljkociEN^es — cells  free  or  united  into  glairy  families  by  an  intercel- 
lular substance. 

2.  Nematooexes— cells  disposed  in  filaments. 

In  the  first  tribe  he  has  placed  the  genera  Micrococcus  (Hallier),  Bacte- 
rium (Dujardin),  Meriamopedia  (Meyer),  Sarcina  (Groodsir),  and -Ascococcti* 
^BillpDth),  with  various  genera  of  unicellular  algae  containing  chlorophyll. 

In  the  second  tribe  we  have  the  genera  Bacillus  (Cohn),  Leptotnrix 
(Kg.),  Vibrio  (Ehr.),  Spirillum  (Ehr.),  Spirochcete  (Ehr.),  Streptococcus 
(BSlr.),  Cladothrix  (Cohn),  and  Streptothrix  (Cohn),  associated  with  gen- 
era of  green  filamentous  algae. 

The  German  botanist  Sachs  unites  the  fungi  and  the  alg'ae  into  a  single 
grroup,  the  ThcUlophytes,  in  which  he  establishes  two  jjarallel  series,  one  in- 
cluding those  containing  chlorophyll,  and  the  other  without,  as  follows: 


THALLOPHYTES. 

Forms  with  chlorophyll.  Forms  without  chlorophyll. 

Class ^  I. — Protophytes. 

A.  CyanophyceaB    (Oscillatoria-  A,  Schizomycetes  (Bacteria). 

ceae,  etc.). 

B,  Palmellaceae.  B.  Saccharomycetes. 
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Zopf ,  who  insists  upon  the  polymorphism  of  these  low  organisms,  divides 
the  bacteria  into  four  groups : 

Qenera. 
Streptococcivs^ 


Mensmopedia, 

Sarcina, 

Micrococcus^ 

Ascococcus, 

Bacterium^ 

Spirillum^ 

Vibrio, 

Leuconostoc, 

Bacilius, 

Clostridium. 

CrenothriXf 
Beggtatoa, 
Phragmidiothrix^ 
Leptothrix, 


1.  Cocc^CE-ffl.— Up  to  the  pre- 
sent time,  only  known  in  the  form  of 
cocci. 

2.  BAOTERiACE-ffl:.— Have  for  the 
most  part  spherical,  rod-like,  and 
filamentous  forms  ;  the  first  (cocci) 
may  be  wanting  ;  the  last  are  not 
different  at  the  two  extremities ;  fila- 
ments straight  or  spiral. 

3.  LEPTOTRicHEiE.  —  Spherical, 
rod-shaped,  and  filamentous  forms; 
the  last  show  a  difference  between  the 
two  extremities  ;  filaments  straight 
or  spiral ;  spore  formation  not  known. 

4.  Cladotriche^.  —  Spherical, 
rod-shaped,  filamentous,  and  spiral 
forms  ;  the  filamentous   form    pre-  [         CladothHx, 
sents  pseudo-branches  ;  spore  forma- 
tion not  known. 

The  main  objection  to  this  classification  is  that  it  assumes  a  pleomorph- 
ism  for  the  bacteria  of  the  second  group — ^Bacteriacese — which  has  only  been 
established  for  a  few  species,  and  which  appeals  not  to  be  general  among  the 
rod- shaped  and  spiral  bacteria. 

De  ftarv  diviaes  the  bacteria  into  two  principal  groups,  one  including 
those  which  form  endospores,  and  the  other  those  which  are  reproduced  by 
arthrospores.  But  our  Knowledge  is  yet  too  imperfect  to  make  this  classifi- 
cation of  value,  and  the  same  may  oe  said  of  Hueppe's  recent  attempt  at 
classification,  in  which  the  mode  of  reproduction  is  a  principal  feature. 

The  classification  of  Baumgarten  (1890)  appears  to  us  to  have 
more  practical  value,  and,  with  slight  modifications,  we  shall  adopt 
it  in  the  present  volume.  This  author  divides  the  bacteria  into  two 
principal  groups,  as  follows  : 

Group  I.  Species  relatively  monomorphous. 

Group  II.  Species  pleomorphous. 

The  first  group  includes  the  micrococci,  the  bacilli,  and  the 
spirilla;  the  second  group  the  spirulina  of  Hueppe,  leptotrichece 
(Zopf),  and  cladotrichece. 

The  pleomorphous  species  described  b}'^  Hauser  under  the  generic 
name  Proteus  are  included  in  the  second  group  among  the  spirulina. 
In  the  present  volume  we  have  described  these  pleomorphous  species 
among  the  bacilli. 

The  Cocci,  in  the  classification  of  Baumgarten,  constitute  a  single 
genus  with  the  following  subgenera  :  1,  Diplococciis  ;  2,  Strepto- 
coccus ;  3,  Merismopedia  (Zopf) — '*Merista"  (Hueppe);  4,  Sar- 
cina  (Goodsir)  ;  5,  Micrococcus  ("staphylococci''). 

The  Bacilli  are  included  in  a  single  genus  embracing  all  of 
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those  species  which  only  form  rod-shaped  cells^  and  filaments  com- 
posed of  red-like  s^ments ;  or  straight  filaments  not  distinctly  seg- 
mented, which  may  be  rigid  or  flexible. 

The  Spirilla  are  also  included  in  a  single  genus,  embracing  all 
of  those  species  in  which  the  filaments  are  spiral  in  form  and  the 
segments  more  or  less  spiral  or  ** comma-shaped" — filaments  either 
rigid  or  flexible. 

This  simple  morphological  classification  of  the  monomorphous 
group  of  Baumgarten  corresponds  with  the  nomenclature  now  gene- 
rally in  use  among  bacteriologists.  We  speak  of  the  spherical  bac- 
teria as  cocci  or  as  micrococci,  of  the  rod-shaped  bacteria  as  bacilli, 
and  of  the  spiral  bacteria  as  spirilla. 

It  is  trae,  however,  that  we  are  sometimes  embarrassed  to  decide 
whether  a  particular  microorganism  belongs  to  one  or  the  other  of 
these  morphological  groups  or  so-called  genera.  Among  the  bacilli, 
for  example,  we  may  have,  in  the  same  pure  culture,  rods  of  very 
different  lengths,  some  being  so  short  that  if  alone  they  might  be 
taken  for  cocci,  while  others  may  have  grown  out  into  long  fila- 
ments. But  if  we  are  assured  that  the  culture  is  pure  the  presence 
of  rod  forms  establishes  the  diagnosis,  and  usually  the  cocci-like 
elements,  when  carefully  observed,  will  be  seen  to  be  somewhat 
longer  in  one  diameter  than  in  the  other.  The  German  bacterio- 
logists generally  insist  upon  placing  among  the  bacilli  all  straight  bac- 
teria in  which,  as  a  rule,  one  diameter  is  perceptibly  greater  than 
that  transverse  to  it ;  and  several  species  of  well-known  bacteria 
which  were  formerly  classed  as  micrococci  are  now  called  bacilli — 
e.g,,  FriedlanJer's bacillus  (*'  pneumococcus"),  Bacillus prodigiosus. 

The  distinction  made  by  Cohn  and  others  between  the  genus 
Bacterium  (Duj.)  and  the  genus  Bacillus  (Cohn)  cannot  be  main- 
tained, inasmuch  as  we  may  have  short  rods  and  quite  long  fila- 
ments in  the  same  pure  culture  of  a  single  species ;  and,  again,  the 
character  upon  which  the  genus  Vibrio  (Ehr.)  was  established — 
^,  the  fact  that  the  filaments  are  flexible  and  the  movements 
sinuous — ^is  not  a  suflicient  generic  or  even  specific  character,  for  in 
a  pure  culture  there  may  be  short  rods  which  are  rigid,  and  long 
filaments  which  are  flexible  and  have  a  sinuous  movement.  We 
therefore  to-day  speak  of  all  the  elongated  forms  as  bacilli,  unless 
they  are  spiral  and  have  a  corkscrew-like  motion,  in  which  case  they 
are  known  as  spirilla. 

The  bacteria  are  also  classified  according  to  their  biological  char- 
acters, and  it  will  be  necessary  to  consider  the  various  modes  of 
pxMiping  them  from  different  points  of  view  other  than  that  which 
relates  to  their  form.  This  is  the  more  important  inasmuch  as  we 
are  not  able  to   differentiate  species  by  morphological  characters 


Digitized  by  CjOOQIC 


14  CLASSIFICATION. 

alone.  Thus,  for  example,  there  are  among  the  spherical  bacteria,  or 
micrococci,  numerous  well-established  species  which  the  most  expert 
microscopist  could  not  differentiate  by  the  use  of  the  microscope 
alone ;  the  same  is  true  of  the  rod-shaped  bacteria.  The  assump- 
tion  often  made  by  investigators  who  are  not  sufficiently  impressed 
with  this  fact,  that  two  microorganisms  from  different  sources,  or 
even  from  the  same  source,  are  the  same  because  stained  prepara- 
tions examined  under  the  microscope  look  alike,  has  led  to  serious 
errors  and  to  much  confusion.  As  an  example  of  what  is  meant  we 
may  refer  to  the  pus  organisms.  Before  the  introduction  of  Koch  8 
** plate  method"  micrococci  had  been  observed  in  the  pus  of  acute 
abscesses.  Some  of  these  were  grouped  in  chains — streptococci — 
and  some  were  single,  or  in  pairs,  or  in  groups  of  four  ;  but  whether 
these  were  simply  different  modes  of  grouping  in  a  single  species,  or 
whether  the  chain  micrococci  represented  a  distinct  species,  was  not 
determined  with  certainty.  That  there  were  in  fact  four  or  more 
distinct  species  to  be  found  in  the  pus  of  acute  abscesses  was  not 
suspected  until  Rosenbach  and  Passet  demonstrated  that  this  is  the 
case,  and  showed  that  not  only  is  the  streptococcus  a  distinct  species, 
but  that  among  the  cocci  not  associated  in  chains  there  are  three* 
species  which  are  to  be  distinguished  from  each  other  by  their  color 
when  grown  on  the  surface  of  a  solid  culture  medium.  One  of  these 
has  a  milk-white  color,  one  is  of  a  lemon-yellow  color,  while  the  thira 
is  a  golden-yellow. 

Those  microorganisms  which  form  pigment  are  called  chroma- 
genes,  or  chromogenic ;  those  which  produce  fermentations  are 
spoken  of  as  zytnogenes,  or  zymogenic  ;  those  which  give  rise  to  dis- 
ease processes  in  man  or  the  lower  animals  are  denominated  patho- 
geneSy  or  pathogenic.  We  cannot,  however,  classify  bacteria  under 
the  three  headings  chromogenes,  zymogenes,  and  pathogenes,  for 
some  of  the  chromogenic  species  are  also  pathogenic,  as  are  some 
of  the  z^inogenes.  These  characters  must  therefore  be  considered 
separately  as  regards  each  species,  and  in  studying  its  life  history  and 
distinguishing  characters  we  determine  whether  it  is  chromogenic 
or  non-chromogenic ;  whether  it  produces  special  fermentations : 
and  whether  it  is  or  is  not  pathogenic  when  inoculated  into  the 
lower  animals.  In  making  the  distinction  between  pathogenic 
and  non-pathogenic  microorganisms  we  must  remember  that  a 
certain  species  may  be  pathogenic  for  one  animal  and  not  for  an- 
other. Thus  the  anthrax  bacillus,  which  is  fatal  to  cattle,  slieep, 
rabbits,  guinea-pigs,  and  mice,  does  not  kill  white  rats  ;  the  bacillus 
of  mouse  septicaemia  kills  house  mice,  but  field  mice  are  fully  im- 
mune from  its  pathogenic  effects  ;  on  the  other  hand,  the  bacillus  of 
glanders  is  fatal  to  field  mice  but  not  to  house  mice. 
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Again,  it  must  be  remembered  that  pathogenic  power  also  de- 
pends, to  a  greater  or  less  extent,  upon  the  dose  injected  into  an 
animal  as  compared  to  its  body  weight.  Some  pathogenic  organ- 
isms in  very  minute  doses  give  rise  to  a  fatal  infectious  malady ; 
others  are  only  able  to  overcome  the  vital  resisting  power  of  the 
tissues  and  fluids  of  the  body  when  introduced  into  the  circulation, 
or  into  the  subcutaneous  tissue  or  abdominal  cavity,  in  considerable 
amounts.  Some  pathogenic  bacteria  invade  the  blood ;  others  mul- 
tiply only  in  certain  tissues  of  the  body ;  and  others  again  multiply 
in  the  intestine  and  by  the  formation  of  poisonous  products  which 
are  absorbed  show  their  pathogenic  power. 

Another  classification  of  the  bacteria  relates  to  the  environment 
favorable  to  their  development.  Thus  we  speak  of  saprophytic  and 
parasitic  bacteria,  or  of  Saprophytes  and  Parasites. 

The  saprophytes  are  such  as  exist  independently  of  a  hving  host, 
obtaining  their  supply  of  nutriment  from  dead  animal  or  vegetable 
material  and  from  water  containing  organic  and  inorganic  matters 
in  solution.  The  strict  parasites,  on  the  other  hand,  depend  upon 
a  living  host,  in  the  body  of  which  they  multiply,  sometimes  without 
injury  to  the  animal  upon  which  they  depend  for  their  existence,  but 
frequently  as  harmful  invaders  giving  rise  to  acute  or  chronic  infec- 
tious diseases.  Microorganisms  which  ordinarily  lead  a  saprophy- 
tic existence,  but  which  can  also  thrive  within  the  body  of  a  living 
animalj  are  called  facultative  parasites.  Thus  the  leprosy  bacillus, 
which  is  only  found  in  leprous  tissues,  is  a  strict  parasite  ;  while  the 
typhoid  bacillus,  the  cholera  spirillum,  etc.,  are  facultative  parasites, 
inasmuch  as  they  are  capable  of  maintaining  an  independent  exist- 
ence, for  a  time  at  least,  external  to  the  bodies  of  living  animals. 

It  seems  probable  that  the  pathogenic  organisms  which  are  only 
known  to  us  to-day  as  strict  parasites  were,  at  some  time  in  the  past, 
sappophjTtes,  which  gradually  became  accustomed  to  a  parasitic 
mode  of  existence,  and,  under  the  changed  conditions  of  their  envi- 
ronment, finally  lost  the  power  of  living  in  association  with  other 
saprophytes  exposed  to  variations  of  temperature,  etc.  The  tubercle 
bariUus,  for  example,  is  known  to  us  only  as  a  parasite  which  has  its 
habitat  in  the  lungs,  lymphatic  glands,  etc.,  of  man  and  of  certain 
of  the  lower  animals.  But  we  are  able  to  cultivate  it  in  artificial 
media  external  to  the  body ;  and  it  is  in  accord  with  modern  views 
relating  to  the  development  of  species  to  suppose  that  at  some  time 
in  the  past  it  was  able  to  lead  a  saprophytic  existence.  Not  to  admit 
this  forces  us  to  the  conclusion  that,  at  some  time  subsequent  to  the 
appearance  of  man  and  the  lower  animals  in  which  it  is  now  found 
as  a  parasite,  it  was  created  with  its  present  biological  characters, 
which  re9trict  it  to  a  parasitic  existence  in  the  bodies  of  these  ani- 
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mals,  and  that,  consequently,  the  immense  destruction  of  human  life 
which  has  resulted  from  its  parasitic  invasion  of  successive  genera- 
tions was  designed  when  it  was  created.  The  opposite  view  is  sup- 
ported by  numerous  facts  which  show  that  these  low  organisms,  like 
those  higher  in  the  scale,  are  subject  to  modifications  as  a  result  of 
changed  conditions  of  environment,  and  that  such  modifications,  in 
the  course  of  time,  may  become  well-established  specific  characters. 

Again,  the  bacteria  may  be  grouped  into  aerobic  and  anaerobic 
species.  This  is  a  very  important  distinction,  which  was  first  estab- 
lished by  Pasteur,  who  found  that  certain  bacteria  will  only  grow 
when  freely  supplied  with  oxygen,  while  others  absolutely  decUne  to 
grow  in  the  presence  of  this  gas.  The  latter,  which  are  spoken  of  as 
strict  anaerobics,  may  be  cultivated  in  a  vacuum  or  in  an  atmo- 
sphere of  hydrogen.  Those  species  which  grow  either  in  the  pre- 
sence of  oxygen  or  when  it  is  excluded  are  called  facultative  an- 
aerobics. 

Certain  bacteria  produce  a  peptonizing  ferment  which  has  the 
power  of  liquefying  gelatin.  This  has  led  to  the  classification  of 
those  microorganisms  of  this  class  which  grow  in  Koch's  flesh-pep- 
tone-gelatin as  liquefying  and  non-liquefying  bacteria. 

Again,  we  speak  of  them  as  motile  or  non-motile. 

It  is  evident  that  these  biological  characters,  although  all-im- 
portant in  the  definition  of  species,  cannot  serve  us  in  an  attempt  to 
establish  natural  genera  ;  for  the  lines  are  not  sharply  drawn  between 
the  saprophytes  and  the  parasites,  the  aerobics  and  the  anaerobics, 
etc. ,  inasmuch  as  we  have  facultative  parasites  and  facultative  an- 
aerobics which  we  cannot  include  in  either  class,  and  which  yet  do 
not  form  a  distinct  class  by  themselves.  We  therefore  adhere  to  the 
morphological  classification,  although  this  is  open  to  criticism.  For 
example,  among  the  rod-shaped  organisms  which  we  call  bacilli  and 
describe  under  the  generic  name  Bacillus  there  are  some  which 
multiply  by  binary  division  only,  while  others  form  endogenous  re- 
productive bodies  known  as  spores.  Certainly  so  important  a  differ- 
ence in  the  mode  of  reproduction  should  be  suflScient  to  separate 
these  rod-shaped  organisms  into  two  natural  groups  or  genera. 

As  heretofore  stated,  the  German  bacteriologist  Hueppe  has  at- 
tempted a  classification  based  upon  the  mode  of  reproduction,  in 
which  he  makes  two  groups,  or  *'  tribes,"  one  in  which  reproduction 
occurs  by  the  formation  of  endogenous  spores — *'  endospores  " — the 
other  in  which  it  occurs  by  the  formation  of  *'  arthrospores/'  *  The 
latter  group  includes  all  of  those  bacteria  in  which  no  other  mode  of 
multiplication  is  known  than  that  by  binary  division,  which  is  com- 
mon to  all.  In  the  present  state  of  our  knowledge  this  classification 
^  Aq  account  of  this  mode  of  reproduction  is  given  on  page  19. 
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is  scarcely  to  be  considered  of  practical  value,  inasmuch  as  the  ques- 
tion of  spore  formation  is  still  undetermined  for  a  large  number  of 
species. 

In  the  following  table  we  shall  give  the  characters  of  the  dif- 
ferent genera  which  have  been  described  by  recent  botanists  and 
bacteriologists,  arranged  under  the  three  headings,  MICROCOCCI, 
Bacilli,  Spirilla.  Where  we  doubt  the  propriety  of  maintaining 
a  distinct  generic  name  upon  the  supposed  distinguishing  characters^ 
the  description  will  be  printed  in  small  type. 

MICROCOCCI. 

General  Characters. — Spherical  bacteria  which  are  reproduced 
by  binary  division ;  usually  without  spontaneous  movements  ;  do  not 
form  endogenous  spores.  (According  to  some  authors,  certain  cells, 
known  as  arthrospores,  may  be  distinguished  by  their  greater  size 
and  refractive  power,  and  these  are  supposed  to  have  greater  resist- 
ance to  desiccation  than  the  ordinary  cocci  resulting  from  binary 
division,  and  to  serve  as  reproductive  bodies.)  Some  micrococci  are 
not  precisely  round,  but  are  somewhat  oval  in  form ;  and  when  in 
process  of  division  the  cocci,  necessarily,  are  more  or  less  elongated 
in  one  diameter  before  a  complete  separation  into  two  spherical  ele- 
ments has  occurred. 

Micrococcus. — Division  in  one  direction  ;  cocci  single,  in  pairs, 
or  accidentally  associated  in  irregular  groups  ;  sometimes  held  to- 
gether in  irregular  masses  by  a  transparent,  glutinous,  intercellular 
substance.  (Micrococci  belonging  to  this  genus  are  frequently  de- 
scribed as  **  staphylococci,'' and  Staphylococcus  is  used  by  Rosen- 
bach  as  a  generic  name  for  the  pus  cocci  described  by  him,  which 
are  solitary  or  associated  in  irregular  groups,  as  above  described.) 

Ascococcus. — Cocci  associated  in  globular  or  lobulated,  zoogloea 
masses  by  a  rather  firm  intercellular  substance. 

Leuconostoc. — Cocci,  solitary  or  in  chains,  surrounded  by  a 
thick,  gelatinous  envelope  and  forming  zooglcea  of  cartilaginous 
consistence. 

Streptococcus. — Division  in  one  direction  only;  cocci  associ- 
ated in  chains. 

Diplococcu8,—Diy'iB[on  in  one  direction  only  ;  cocci  associated  in  pairs. 

Ai^ociation  in  pairs  is  commoa  to  all  of  the  micrococci,  inasmuch  as 
they  multiply  by  binary  division.  When  such  association  has  rather  a  per- 
manent character,  it  is  customary  to  speak  of  the  microorganism  as  a  diplo- 
ooocus,  but  we  doubt  the  propriety  of  recognizing  this  mode  of  association 
as  a  generic  character. 

Merismopedia. — Division  in  two  directions,  forming  groups  of 
four,  which  remain  associated  in  a  single  plane — **  tetrads.'* 

Sarcina. — Division  in  three  directions,  forming  packets  of  eight 
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or  more  elements,  which  remain  associated  in  more  or  less  regular 
cubical  masses. 

BACILLI. 

General  Characters, — Rod-shaped  and  filamentous  (not  spiral) 
bacteria  in  which  there  is  no  diflferentiation  between  the  extremities 
of  the  rods ;  reproduction  by  binary  division  in  a  direction  trans- 
verse to  the  long  axis  of  the  rods,  or  by  binary  division  and  the  for- 
mation of  endogenous  spores  ;  rigid  or  flexible  ;  motile  or  non-motile. 

Bacillus. — ^Characters  as  given  above. 

Bacterium, — This  jpenus,  established  by  Dujardin,  is  now  generally 
abandoned,  the  species  lorinerly  included  in  it  being  transferred  to  the  genus 
Bacillus.  As  defined  by  Cohn,  the  generic  characters  were  :  Cells  cyhndri- 
cal  or  elliptical,  free  or  united  in  pairs  durinj^  their  di\rision,  rai*ely  in 
fours,  never  in  chains,  sometimes  in  zooglcea  (differing  from  the  zodgloea 
of  spherical  bacteria  by  a  more  abundant  and  firmer  interceiluar  substance), 
havmg  spontaneous  movements,  oscillatory  and  very  active,  especially  in 
media  ricn  in  alimentarv  material  and  in  presence  of  oxygen. 

Clostridium, — Rod-shaped  bacteria  which  form  large,  endogenous,  and 
usuallv  oval  spores  ;  these  are  centrally  located,  and  during  the  stage  of 
spore  formation  the  rods  become  fusiform. 

SPIRILLA. 

General  Characters. — Curved  rods  or  spiral  filaments ;  rigid  or 
flexible  ;  reproduction  by  binary  division,  or  by  binary  division  and 
the  formation  of  endogenous  spores  (or  by  arthrospores  ?)  ;  move- 
ments rotatory  in  the  direction  of  the  long  axis  of  the  filaments. 

Spirillum. — Characters  as  above. 

Spirochcete. — Flexible,  spiral  filaments;  movements  rotatory. 

Vibrio. — Filaments  flexible,  straight  or  sinuous;  movements  sinuous. 

A  considerable  number  of  bacteria  which  are  usually  seen  as  short,  curved 
rods,  but  which  may  ^row  out  into  long,  spiral  filaments,  are  described  by 
some  authors  under  the  ^neric  name  vibrio,  e.a.,  the  so-called  '* comma 
bacillus ''of  Koch — **  Spirillum  cholerae  Asiaticaj  ;  the  spirillum  of  Finkler 
and  Prior — **  Vibrio  proteus" ;  the  spirillum  described  by  G-ameleia— **  Vibrio 
Metschnikovi,"etc.  These  microorganisms  have  not  the  characters  which 
distinguished  the  genus  Vibrio  as  established  by  Ehreuberg,  and  we  prefer  to 
follow  Fliigge  in  describing  them  under  the  generic  name  Spirillum. 

The  pathogenic  bacteria  now  known  belong  to  one  or  the  other 
of  the  above-described  genera,  and  the  attention  of  bacteriologists 
has  been  given  chiefly  to  the  study  of  micrococci,  bacilli,  and  spirilla. 
But  the  botanists  place  among  the  bacteria  certain  other  forms  which 
are  found  in  water,  and  which,  in  a  systematic  account  of  this  class 
of  microorganisms,  demand  brief  attention  at  least.  These  are  in- 
cluded in  Baumgarten's  second  group,  which  includes  the  pleomor- 
phous  bacteria. 

Spirulina  (Hueppe). — The  vegetative  cells  are  sometimes  rod- 
shaped  and  sometimes  spiral ;  in  suitable  media  they  may  grow  out 
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into  long,  straight,  wavy,  or  spiral  filaments.  These  filaments  may 
break  up  into  cocci-hke  reproductive  elements — **arthrospores." 

LeptotrichEvE  (Zopf). — The  vegetative  cells  present  rod-shaped 
and  spiral  forms,  and  grow  out  into  straight,  wavy,  or  spiral  fila- 
ments ;  these  may  show  a  difference  between  the  two  extremities, 
of  base  and  apex.  Cocci-Uke  reproductive  bodies  are  formed  by  seg- 
mentation of  the  rod-shaped  elements  in  these  filaments.  In  some 
of  the  species  the  segments  are  enclosed  in  a  common  sheath.  Sub- 
genera: Leptothrix,  Beggiatoa,  Crenothrix,  Phragmidio- 
THRix  (for  generic  characters  see  page  12). 

CLADOTRiCHEiE  (Zopf). — The  Vegetative  cells  are  rod-shaped 
or  spiral,  and  grow  out  into  straight  or  spiral  filaments,  which  may 
present  pseudo-ramifications.  A  single  genus,  Cladothrix  (see 
page  12). 
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In  the  present  chapter  we  shall  give  a  general  account  of  the 
morphology,  modes  of  grouping,  and  dimensions  of  the  bacteria. 

The  standard  of  measurement  used  by  bacteriologists  is  the  micro- 
millimetre,  or  the  one-thousandth  part  of  a  miUimetre.  This  is 
represented  by  the  Greek  letter  ju.  One  ^  (micromillimetre)  is  equal 
to  about  one-twenty-five-thousandth  of  an  English  inch. 

The  spherical  bacteria,  or  micrococci,  differ  greatly  in  size,  and 
also  in  the  mode  of  grouping  when,  as  a  result  of  binary  division, 
they  remain  associated  one  with  another.  The  smallest  may  mea- 
sure no  more  than  0.1 /i,  while  some  of  the  larger  species  are  from 
one  to  two  ^  in  diameter.  The  enormous  number  of  these  minute 
organisms  which  may  be  contained  in  a  small  drop  of  a  pure  culture 
may  be  easily  estimated  in  a  rough  way.  Compare  a  single  micro- 
coccus, for  example,  with  a  sphere  having  a  diameter  of  one-twenty- 
fifth  of  an  inch.  If  our  micrococcus  is  one  of  the  larger  sort,  having 
a  diameter  of  one  //,  it  would  take  a  chain  of  one  thousand  to  reach 
across  the  diameter  of  such  a  sphere,  and  its  mass,  as  compared 
to  the  larger  sphere,  would  be  as  1  to  523,600,000. 

The  number  of  cocci  in  a  milligramme  of  a  pure  culture  of  Staphy- 
lococcus pyogenes  aureus  has  been  estimated  by  Bujwid,  by  count- 
ing, at  8,000,000,000. 

Not  only  do  diflferent  species  differ  in  dimensions,  but  consider- 
able differences  in  size  may  be  recognized  in  the  individual  cocci  in  a 
pure  culture  of  the  same  species.  On  the  other  hand,  there  are 
numerous  species  which  so  closely  resemble  each  other  in  size  and 
mode  of  association  that  they  cannot  be  differentiated  by  a  micro- 
scopic examination  alone,  and  we  must  depenJ upon  other  characters, 
such  as  color,  growth  in  various  culture  media,  pathogenic  power, 
etc.,  to  decide  the  question  of  identity  or  non-identity. 

When  in  active  growth  the  micrococci  necessarily  depart  from  a 
typical  spherical  form  just  before  dividing,  and  under  these  circum- 
stances may  be  of  a  short  or  long  oval.  When  division  has  taken 
place,  if  the  two  members  of  a  pair  remain  associated  they  are  often 
more  or  less  flattened  at  the  point  of  contact  (Fig.  1,  a). 
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The  staphylococci  are  characterized  by  the  fact  that,  for  the 
most  part,  the  individual  cocci  in  a  culture  are  soUtary  (Fig.  1,6). 
But,  inasmuch  as  multiplication  occurs  by  binary  division,  we  also 
have  pairs  and  occasionally  a  group  of  four — probably  from  the 
accidental  apposition  of  two  pairs  (Fig.  1,  o).  When  in  a  culture 
the  cocci  are  for  the  most  part  associated  in  pairs  (Fig.  1,  d),  we 
speak  of  the  organism  as  a  diplococcus.     Frequently  after  staining 
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and  mounting  a  preparation  we  find  that  the  cocci  are  associated  in 
irr^ular  groups,  although  we  may  have  endeavored  to  distribute 
them  in  a  drop  of  distilled  water.  This  results  from  the  fact  that 
they  are  surrounded  by  a  glutinous  material  which  causes  them  to 
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adhere  to  each  other  (Fig.  1,  e).  A  mass  of  cocci  held  together 
in  this  way  by  a  transparent,  .glutinous,  intercellular  substance  is 
spoken  of  as  a  zooglcea  (Fig.  2).  In  the  genus  Ascococcus  the  in- 
tercellular substance  is  quite  firm  and  the  zooglcea  are  in  the  form 
of  spherical  or  irregularly  lobulated  masses  surrounded  by  a  Resist- 
ant envelope  of  jelly-like  material  (Fig.  3). 

When,  as  a  result  of  division  in  one  direction  only,   the  cocci 
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remain  united  in  chains  (Fig.  4,  a),  they  are  described  as  streptococci ^ 
and  are  sometimes  spoken  of  as  in  chaplets  or  in  torula  chains.  In 
such  chains  we  frequently  find  the  evidence  of  recent  division  of  the 
cocci,  as  shown  by  the  grouping  of  the  elements  of  the  chain  into 
pairs  (Fig.  4,  b). 

When  division  occurs  habitually  in  two  directions,  groups  of  four 
result,  which  are  spoken  of  as  tetrads.  This  is  the  distinguishing 
character  of  the  genus  Merismopedia.  In  these  groups  of  four  the 
individual  cocci  are  often  flattened  at  the  points  of  contact,  as  in 
Fig.  5,  6,  We  also  find  pairs  and  groups  of  three  in  pure  cultures  of 
species  belonging  to  this  genus,  as  shown  in  Fig.  5,  c.  In  these, 
transverse  division  has  not  yet  occurred  in  one  or  in  both  elements  of 
a  pair.  This  association  of  micrococci  in  tetrads  seems  to  be  main- 
tained, in  some  species  at  least,  by  the  fact  that  each  group  of  four  is 
enclosed  in  a  jelly-like  capsule.  The  extent  of  this  capsule  differs  in 
the  same  species  under  different  circumstances;  as  a  rule,  it  is  most 
apparent  when  a  culture  has  been  made  in  a  liquid  medium.   Some  of 
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the  diplococci  have  a  similar  capsule.  The  jelly-like  substance  does 
not  stain  well  with  the  aniline  colors  and  is  seen  as  a  transparent 
halo  around  the  staiiied  cocci.  Some  authors  (Frankel  and  Pfeiffer) 
believe  that  this  capsule  is  formed  by  the  swelling  up  of  the  cell 
membrane  as  a  result  of  the  imbibition  of  water. 

When  division  occurs  in  three  directions  packets  of  eight  or 
more  elements  are  formed.  This  mode  of  association  characterizes 
the  genus  Sarcina.  The  *' packet  form  "is  best  seen  in  an  un- 
stained preparation  from  a  fresh  culture,  in  which  a  little  material 
suspended  in  water  is  examined  under  a  comparatively  low-power 
objective— one-sixth  (Fig.  6). 

Among  the  bacilli  there  is  room  for  a  wider  range  of  morphologi- 
cal characters.  They  differ  not  only  in  dimensions  and  in  modes  of 
grouping,  but  in  form.  The  relation  of  the  transverse  to  the  longi- 
tudinal diameters  affords  a  great  variety  of  forms,  varying  from  a 
short  oval  element  to  a  slender  rod  or  elongated  filament.  But  it 
must  be  remembered  that  we  may  have  short  rods  and  long  filaments 
in  a  pure  culture  of  the  same  bacillus— the  typhoid  bacillus,   for 
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example.  There  are  also  considerable  differences  in  the  transverse 
diameter  of  bacilli  belonging  to  the  same  species  when  cultivated  in 
different  media,  or  even  in  the  same  medium,  although,  as  a  rule, 
the  transverse  diameter  is  tolerably  uniform  in  pure  cultures. 

Again,  the  form  of  the  extremities  of  the  rods  is  to  be  observed 
(Pig.  7).  This  may  be  square,  or  the  comers  may  be  slightly 
rounded,  or  the  extremities  may  be  quite  round  or  lance-oval,  or 
the  outlines  of  the  rod  may  be  spindle-shaped  from  the  formation  of 
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a  large  central  spore — ^'clostridium^'—ov  one  end  may  be  dilated 
from  the  formation  of  a  large  terminal  spore. 

In  old  cultures  we  frequently  find  irregular  forms  due  to  swellings 
and  constrictions,  which  probably  occur  in  bacilli  which  have  but 
little  vitality  or  are  already  dead.  'These  are  spoken  of  as  involution 
forms  (Fig.  8). 

The  bacilli  multiply  by  binary  division  in  a  direction  transverse 
to  the  longitudinal  axis,  and,  as  a  result  of  such  binary  division,  long 
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chains  in  which  the  elements  remain  associated  may  be  formed 
(Fig.  9)  ;  or  the  rods  may  be  for  the  most  part  solitary  or  united  in 
pairs.  Like  the  micrococci,  the  bacilli  are  sometimes  surrounded  by 
a  gelatinous  envelope  or  capsule.  They  may  also  be  united  by  a 
glutinous  material  into  zoogloea  masses. 

Bacilli  which  under  certain  conditions  are  seen  as  short  rods 
may,  under  other  circumstances,  grow  out  into  long  filaments,  and 
these  may  be  associated  in  bundles  or  in  tangled  masses. 

The  spirilla  differ  from  the  bacilli  in  the  form  of  the  rods  and  fila- 
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ments,  which  are  curved  or  spiral.  The  shorter  elements  in  a  pure 
culture  may  be  simply  curved,  as  in  a,  Pig.  10,  while  the  spiral  form 
becomes  apparent  in  those  which  are  longer,  and  we  may  have  one 
or  several  turns  of  the  spiral  (Fig.  10,  6).  The  spiral  form  may  be 
but  slightly  marked  (Fig.  10,  c),  or  the  turns  may  be  close  and  deep 
as  in  a  corkscrew  (Fig.  10,  d).  Again,  the  curved  filaments  may  be 
short  and  rigid,  or  long  and  flexible  (Fig.  10,  e). 

In  the  genus  Cladothrix,  which  is  placed  by  botanists  among 
the  bacteria,  the  filaments  appear  to  branch  ;  but  this  branching  is 
only  apparent,  and  there  is  no  true  dichotomous  branching  in  this 
class  of  microorganisms.  The  false  branching  of  Cladothrix 
dichotoma,  Cohn,  is  shown  in  Fig.  11,  The  fact  that  some  of  the 
larger  species  of  bacilU  and  spirilla  are  provided  with  slender,  whip- 
like appendages  called  flagella  has  been  known  for  many  years,  and 
it  has  for  some  time  been  suspected  that  all  of  the  motile  organisms 


Fio.  10. 


rio.  11. 


Fia.12. 


of  this  class  are  provided  with  similar  appendages  and  that  these  are 
organs  of  locomotion.  Recently,  by  improvements  in  methods  of 
staining,  Loffler  has  demonstrated  the  presence  of  flagella  in  many 
species  in  which  they  had  heretofore  escaped  observation.  They  are 
sometimes  single,  at  the  ends  of  the  rods  (Fig.  12,  a);  or  there  may 
be  several  at  the  extremity  of  a  single  rod  (Fig.  12,  b);  again,  they 
are  seen  in  considerable  numbers  around  the  periphery  of  the  rod 
(Fig.  12,  c). 

The  bacilli  and  spirilla  sometimes  contain  in  the  interior  of  the 
cells  granules  of  different  kinds.  These  may  appear  like  Uttle  oil 
drops  or  they  may  be  more  ox)aque.  In  the  genus  Beggiatoa  grains 
of  sulphur  are  found  in  the  interior  of  the  cells.  Again,  we  may 
find  vacuoles  in  the  protoplasm  ;  or,  in  stained  preparations,  deeply 
stained  granules,  which  are  not  spores,  may  be  seen  at  the  extremi- 
ties of  the  rods — end-staining.  The  morphological  characters  de- 
pending upon  the  formation  of  endogenous  spores  will  be  referred  to 
hereafter. 
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IV. 

STAINING  METHODS. 

The  rapid  development  of  our  knowledge  with  reference  to  the 
minute  microorganisms  under  consideration  depends  very  largely 
upon  the  discovery  that  they  may  be  stained  by  various  dyes,  and  es- 
pecially by  the  aniUne  colors,  Weigert  (187G)  was  the  first  to  employ 
these  colors  in  studjring  the  bacteria,  and  Koch  at  once  recognized 
the  value  of  the  method  and  made  use  of  it  in  his  researches. 

The  basic  aniline  colors  are  those  employed,  and  among  these  the 
most  useful  are  fuchsin,  methylene  blue,  gentian  violet,  Bismarck 
brown,  and  vesuvin. 

Staining  upon  the  Cover  Olass  or  Slide, — By  a  "cover-glass 
preparation ''  we  mean  that  material  supposed  to  contain  bacteria 
has  been  spread  out  upon  a  thin  glass  cover,  dried,  and  stained  for 
microscopical  examination.    A  small  drop  of  a  liquid  culture  may,  for 
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example,  be  spread  upon  a  perfectly  clean  cover  glass  by  means  of  a 
platinum  Avire  held  in  a  glass  handle  (Fig.  13).  Or  we  may  place  a 
drop  of  water  in  the  centre  of  the  thin  glass  cover,  and  by  means  of 
the  same  instrument  take  a  little  material  from  a  culture  made  upon 
the  surface  of  a  solid  medium  and  distribute  it  through  the  drop. 
In  this  case  we  must  be  careful  to  take  very  little  of  the  material,  as 
the  smallest  quantity  will  contain  an  immense  number  of  bacteria, 
and  for  a  satisfactory'  view  of  the  individual  cells  it  is  necessary  that 
they  be  w^ell  separated  from  each  other,  in  some  parts  of  the  prepa- 
ration at  least,  and  not  massed  together. 

Where  the  object  is  to  make  a  cabinet  preparation  for  permanent 
preservation,  special  care  should  be  taken  to  distribute  the  bacteria 
uniformly  through  the  drop  of  water.  The  next  step  consists  in  eva- 
porating the  liquid  so  that  the  bacteria  may  remain  attached  to  the 
surface  of  the  glass  cover.  This  may  be  done  by  dimple  exposure  to 
the  air  or  by  the  application  of  gentle  heat.     When  the  bacteria  are 
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suspended  in  an  albuminous  medium  it  will  be  necessary,  after  the 
film  is  dry,  to  heat  the  preparation  sufficiently  to  coagulate  the  albu- 
men, in  order  that  it  may  not  ba  washed  off  in  the  subsequent  stain- 
ing process.  This  is  best  done,  in  accordance  with  Koch^s  directions 
for  the  preparation  of  tuberculous  sputum,  by  passing  the  cover 
glass,  held  in  slender  forceps,  rather  quickly  through  the  flame  of  an 
alcohol  lamp  three  times  in  succession.  In  this  operation  it  must 
be  remembered  that  too  much  heat  will  destroy  the  preparation, 
while  too  little  will  fail  to  accomplish  the  object  in  view — coagu- 
lation of  the  albumen.  In  passing  the  cover  glass  through  the 
flame  the  smeared  side  is  to  be  held  upward.  The  time  required 
will  be  about  three  seconds  for  passing  it  three  times  as  directed  ; 
but  this  will  vary  according  to  the  intensity  of  the  flame,  and  some 
little  experience  is  necessary  in  order  to  obtain  the  best  results. 

The  operation  of  **  fixing,"  or  coagulating  the  albumen,  may  also 
be  effected  by  exposure  in  a  dry-air  oven,  heated  to  120**  to  130"^  C, 
for  a  few  minutes  (two  to  ten  minutes),  as  directed  by  Ehrlich, 

Bacteria  simply  suspended  in  distilled  water  adhere  very  well  to 
the  cover  glass  when  treated  as  directed,  but  if  they  have  been  taken 
from  a  Uquefied  gelatin  culture  the  film  is  very  apt  to  be  washed 
away  during  the  staining  process.  This  is  best  avoided  by  taking  as 
little  as  possible  of  the  gelatin  medium  and  suspending  the  bacteria 
to  be  examined  in  a  drop  of  water,  which  dilutes  the  gelatin  and 
washes  it  away  from  the  surface  of  the  cells. 

Smear  Preparations. — In  various  infectious  diseases  bacteria  are 
found  in  the  blood  and  tissues  of  the  body,  and  their  presence  may 
be  demonstrated  by  making  what  is  called  a  smear  preparation.  A 
little  drop  of  blood  may  be  spread  upon  the  thin  glass  cover,  or  it 
may  be  brought  in  contact  with  the  freshly  cut  surface  of  one  of  the 
vascular  organs,  as  the  liver  or  spleen.  It  is  especially  desirable  that 
the  material  used  for  such  a  preparation  be  small  in  amount  and  dis- 
tributed evenly  in  a  very  thin  layer.  In  Germany  it  is  the  custom, 
in  making  smear  preparations,  to  press  the  material  between  two  glass 
covers,  which  are  then  separated  by  sliding  them  apart,  thus  leaving 
a  thin  layer  upon  each.  This  answers  very  well,  but  the  writer  pre- 
fers to  spread  the  material  by  drawing  across  the  face  of  the  cover 
glass  the  end  of  a  well-ground  and  polished  glass  slide.  This  method 
is  especially  useful  for  spreading  blood  in  a  uniform  layer,  in  which 
the  corpuscles  are  evenly  distributed  and  retain  their  normal  form. 
A  very  small  drop  of  blood  is  placed  near  one  edge  of  the  cover  glass, 
which  is  placed  upon  a  smooth  surface  ;  the  glass  slide  is  held  at  a 
very  acute  angle  and  is  gently  drawn  across  the  cover  glass,  without 
any  pressure. 

Most  bacteriologists  make  their  preparations  upon  the  cover  glass. 
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as  above  described,  but  the  writer  has  for  a  number  of  years  made 
his  mounts  of  bacteria  upon  the  glass  sUde,  and  believes  that  this 
method  has  some  advantages  for  every-day  work.  The  thin  glass 
covers  required  when  a  preparation  is  to  be  examined  with  an  im- 
mersion objective  of  high  power,  are  easily  broken  and  often  dropped 
from  the  fingers  or  forceps.  When  the  material  to  be  examined  is 
spread  and  dried  directly  upon  the  glass  slide,  the  operation  is  at- 
tended with  less  difl5culty  and  fewer  accidents  and  the  results  are 
quite  as  good.  In  this  case  the  slide  is  held  in  the  fingers  during  the 
various  steps  in  the  operation  of  distributing,  drying,  and  staining, 
while  the  thin  glass  cover  must  be  held  in  delicate  forceps. 

Contact  Preparations, — When  a  dry  and  clean  cover  glass  is 
brought  in  contact  with  a  colony  or  surface  culture  we  may  often 
obtain  a  very  pretty  preparation,  showing  the  bacteria  in  a  single 
layer,  and  preserving  the  arrangement,  as  regards  growth,  which 
characterizes  the  species.  Similar  preparations  may  sometimes  be 
obtained  from  the  surface  of  liquid  cultures,  when  the  bacteria  grow 
upon  the  surface  as  a  thin  film.  The  cover  glass  is  to  be  gently 
brought  into  contact  with  this  surface  growth,  which  adheres  to  it 
and  is  dried  and  stained  by  the  usual  methods. 

Staining  of  the  dried  film  is  quickly  effected  by  using  an  aqueous 
solution  of  one  of  the  aniline  colors  above  mentioned.  For  general 
use  the  writer  prefers  a  solution  of  f  uchsin,  on  account  of  the  prompt- 
ness of  its  staining  action,  and  because,  in  preparations  for  permanent 
preservation,  it  is  not  as  likely  to  fade  as  methylene  blue  or  gentian 
violet  It  is  also  a  better  color  than  blue  or  violet  in  case  a  photo- 
micrograph is  to  be  made  from  the  preparation. 

It  is  best  to  keep  on  hand  saturated  alcohoUc  solutions  of  the 
staining  agents  named,  and  to  make  an  aqueous  solution  whenever 
required  by  the  addition  of  a  few  drops  to  a  little  water  in  a  watch 
glass  or  test  tube  ;  for  the  aqueous  solutions  do  not  keep  well  on  ac- 
count of  the  precipitation  of  the  dye  as  a  fine  powder,  which  ren- 
ders the  solution  opaque.  The  addition  of  ten  per  cent  of  alcohol 
to  the  aqueous  solution  will,  however,  prevent  this  precipitation ; 
but,  aa  a  rule,  freshly  prepared  solutions  are  the  best.  These  should 
be  filtered  before  use.  We  may  place  a  few  drops  of  the  filtered 
solution  upon  the  dried  film  on  the  slide  or  cover  glass,  or  the  thin 
cover  may  be  floated  upon  a  little  of  the  solution  in  a  watch  glass. 
In  some  cases  it  is  best  to  use  heat  to  expedite  the  staining,  and  this 
may  be  done  by  holding  the  slide  or  the  watch  glass  over  the  flame 
of  an  alcohol  lamp  imtil  steam  commences  to  be  given  off.  If  the 
heating  is  carried  too  far  the  preparation  is  likely  to  be  spoiled  by 
the  precipitation  of  the  staining  agent.  As  a  rule,  heating  will  not 
))e  necessary,  and  when  an  aqueous  solution  of  f uchsin  (one  part  to 
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one  hundred  of  water)  is  used  most  bacteria  are  stained  within  a 
few  seconds  to  a  minute.  At  the  end  of  this  time  the  staining  solu- 
tion is  to  be  washed  away  by  means  of  a  gentle  stream  of  water,  or 
by  moving  the  cover  glass  about  in  a  vessel  containing  distilled 
water. 

Decolorization, — It  often  happens  that  the  albuminous  material 
associated  with  the  bacteria  which  we  propose  to  examine  is  stained 
so  deeply  as  to  obscure  the  view  of  these ;  and,  generally,  we  will 
obtain  more  satisfactory  preparations  by  the  use  of  a  decolorizing 
agent,  by  which  the  background  is  cleared  up  and  the  outUnes  of  the 
cells  more  clearly  defined.  The  agents  chiefly  used  for  this  purpose 
are  alcohol,  diluted  acids,  and  solution  of  Iodine  with  potassium 
iodide  (Gram's  solution). 

Koch  recommends  a  solution  containing  sixty  parts  of  alcohol  to 
forty  parts  of  water.  The  cover  glass  is  to  be  quickly  passed 
through  this  solution  two  or  three  times.  Some  bacteriologists  pre- 
fer to  use  absolute  alcohol. 

Or  we  may  use  dilute  acetic  acid  (one-half  to  one  per  cent)  or 
very  dilute  hydrochloric  acid  (ten  drops  to  half  a  Utre  of  water). 

For  decolorizing  preparations  containing  the  tubercle  bacillus 
strong  solutions  of  the  mineral  acids  are  employed  (one  part  of  ni- 
tric or  of  sulphuric  acid  to  three  parts  of  water). 

Gram's  solution  contains  one  part  of  iodine  and  two  parts  of 
potassic  iodide  in  three  hundred  parts  of  water.  Special  directions 
will  be  g^ven  for  the  use  of  these  agents  when  we  g^ve  an  account 
of  the  staining  methods  most  useful  for  the  various  pathogenic 
organisms. 

Double  Staining, — After  decolorizing  the  background  of  albu- 
minous material  we  may  again  stain  this  with  a  contrast  stain, 
such  as  eosin  or  vesuvin.  In  mounts  made  from  pure  cultures, 
either  liquid  or  solid,  a  single  stain,  for  the  bacteria  only,  is  all  that 
we  require,  and  our  aim  is  to  have  the  background  as  free  as  possi- 
ble from  au}'  material  which  would  obscure  the  view. 

After  staining,  decolorizing,  and  washing  the  preparation  the 
cover  glass  or  slide  is  again  dried  by  exposure  to  the  air  or  gentle 
heat,  and  is  then  ready  for  the  permanent  mounting  in  Canada  bal- 
sam. If  the  bacteria  have  been  stained  upon  the  sUde,  a  small  drop 
of  balsam  dissolved  in  xylol  is  placed  in  the  middle  of  the  prepara- 
tion and  a  clean,  thin  glass  cover  appUed. 

If  it  is  the  intention  to  make  the  microscopical  examination  with 
an  immersion  objective  of  high  power,  or  to  make  photomicro- 
graphs from  it,  only  the  thinnest  glass  covers  should  be  used — one- 
two-hundredths  of  an  inch  or  less. 

If  the  preparation  is  not  intended  for  permanent  preservation, 
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the  examination  may  be  made  without  drying  the  surface  upon 
which  the  stained  bacteria  are  spread,  the  water  taking  the  place  of 
balsam  in  a  permanent  mount ;  or  we  may  dry  the  film  and  use  a 
drop  of  cedar  oil  between  the  slide  and  cover. 

While  simple  aqueous  solutions  of  the  aniline  colors,  when 
freshly  prepared,  will  promptly  stain  most  bacteria,  certain  agents 
may  be  added  to  these  which  aid  in  the  preservation  of  the  solution, 
or  which  act  as  mordants,  and  are  useful  in  special  cases. 

We  shall  only  give  here  a  few  of  the  standard  solutions  which 
are  most  frequently  employed  by  experienced  bacteriologists  : 

1.  Aniline-Gentian' Violet  (Ehrlich). 

Saturated  alcoholic  solution  of  gentian  violet,         .  .  5  cc. 

Aniline  water,       .......  100  cc. 

2.  Aniline-Methyl'  Violet  (Ehrlich- Weigert). 

Saturated  alcoholic  solution  of  methyl  violet,  .  .  11  cc. 

Absolute  alcohol,  .  .  1')  cc. 

Aniline  water,  .......         100  cc. 

Aniline  water  for  the  above  solutions  is  prepared  by  shaking  in  a 
test  tube  one  part  of  aniline  oil  with  twenty  parts  of  distilled  water, 
and,  after  allowing  it  to  stand  for  a  short  time,  filtering  the  saturated 
aqueous  solution  through  a  moistened  filter.  If  the  solution  is  not 
perfectly  transparent  it  should  be  filtered  a  second  time. 

3.   Carbol-Fuchsin  (Ziehrs  solution). 

Fucbsin,         .          .                                       .          .          .         •     1  cc. 
Alcohol,  10  cc. 

Dissolve  and  add  100  cc.  of  a  five-per-cent  solution  of  carbolic  acid. 

4.  Alkaline  Blue  Solution  (Loffler's  solution). 

Saturated  solution  of  methylene  blue,        ...  30  cc. 

Solution  of  caustic  potash  of  1 :10,000,  100  cc. 

These  solutions  keep  better  than  the  simple  aqueous  solutions, 
but  after  having  been  kept  for  a  time  they  are  likely  to  lose  their 
staining  power  as  a  result  of  the  precipitation  of  the  aniline  color. 

The  following  special  methods  of  staining  cover-glass  prepara- 
tions will  be  found  useful  in  certain  cases: 

Gram's  Method. — The  dried  film  upon  a  slide  or  cover  glass  is 
stained,  with  an  aqueous  solution  of  methyl  violet  or  with  aniline- 
gentian-violet  solution  (No.  1);  it  is  then  placed  in  the  iodine  solution 
for  a  minute  or  two  (iodine  one  part,  potassic  iodide  two  parts,  water 
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three  hundred  parts);  then  washed  in  alcohol,  dried,  and,  if  for  per- 
manent preservation,  mounted  in  balsam. 

Methods  op  Staining  the  Tubercle  Bacillus.— Numerous 
methods  of  staining  the  tubercle  bacillus  in  sputum  dried  upon  a 
cover  glass  have  been  proposed,  but  we  shall  only  g^ve  here  two  or 
three  of  the  most  approved  methods,  either  one  of  which  may  be 
reUed  upon  for  satisfactory  results  if  carefully  followed. 

1.  The  Ehrlich'Weigert  Method, — Place  in  a  watch  glass  a  httle 
of  the  aniline-methyl- violet  solution  (No.  2);  float  upon  the  surface 
of  this  the  cover  glass  with  the  dried  film  downward  ;  heat  over  a 
small  flame  until  it  begins  to  steam,  then  allow  it  to  stand  for  from 
two  to  five  minutes  ;  decolorize  in  a  tray  containing  one  part  of  nitric 
acid  to  three  parts  of  water — the  cover  glass,  held  in  forceps,  is  gently 
moved  about  in  the  decolorizing  solution  for  a  few  seconds.  It  is 
then  washed  oflf  in  sixty-per-cent  alcohol  to  remove  the  remaining 
blue  color — this  usually  takes  but  a  second  or  two — and  then  in  water. 
For  a  contrast  stain  a  saturated  aqueous  solution  of  vesuvin  may  be 
used,  a  few  drops  being  left  upon  the  cover  glass  for  five  minutes. 
The  stained  preparation  is  then  washed,  dried,  and  mounted  in 
balsam. 

2.  The  Ziehl'Xeelson  Method, — Float  the  cover  glass  upon  the 
carbol-fuchsin  solution  (No.  3) ;  heat  gently  until  steam  commences 
to  rise — ^f rom  three  to  five  minutes'  time  will  usually  be  sufiicient ; 
wash  oflf  in  water,  and  decolorize  in  nitric  or  sulphuric  acid,  twenty- 
five-per-cent  solution,  then  in  sixty-per-cent  alcohol  for  a  very  short 
time  to  remove  remaining  color  from  albuminous  background;  wash 
well  in  water  and  mount  in  Canada  balsam. 

3.  Friedlandevs  Method. — Spread  and  dry  the  sputum  upon 
the  slide ;  fix  by  passing  the  slide  three  times  through  the  flame  of 
an  alcohol  lamp  or  Bunsen  burner  ;  place  upon  the  dried  film  three  or 
four  drops  of  carbol-fuchsin  (No.  3);  heat  gently  over  a  flame  until 
steam  is  given  oflf ;  wash  in  a  dish  of  distilled  water  ;  drain  oflf  excess 
of  water,  and  add  a  few  drops  of  the  following  decolorizing  solution : 

Acid,  nitric,  pure,  .  .  .  .  5  cc. 

Alcohol  (eigfhty  per  cent),  .  .  .  .to  100  cc. 

— ^usually  the  preparation  will  be  decolorized  in  about  half  a  minute  ; 
wash  in  water  ;  add  a  few  drops  of  an  aqueous  solution  of  methylene 
blue  as  a  contrast  stain  ;  allow  the  stain  to  act  for  about  five  minutes, 
without  heating ;  wash  again  in  water,  dry,  and  mount  in  balsam, 
or  for  a  temporary  mount  use  a  drop  of  cedar  oil. 

4.  OahhetVs  Method, — This  is  a  slight  modification  only  of  a 
very  useful  method  recommended  by  B.  Frankel  in  1884.  The  con- 
trast stain  is  added  to  the  decolorizing  solution.     After  staining  with 
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carbol-fuchsin  solution  (No.  3)  the  cover  glass  is  placed  for  one  or 
two  minutes  in  a  solution  containing: 

Bulpburic  acid  (twenty-five-per-cent  solution),        .  .       100  cc. 

Metnylene  blue,      ......  2  cc. 

Wash,  dry,  and  mount  in  cedar  oil  or  balsam. 

Methods  op  Staining  Spores.— When  preparations  containing 
the  spores  of  bacilli  are  stained  by  any  of  the  methods  above  given, 
these  remain  unstained  and  appear  as  highly  refractive  bodies  in  the 
interior  of  the  rods  or  filaments  in  which  they  have  been  formed,  or 
scattered  about  in  the  field  if  they  have  been  set  free.  Owing  to 
the  contrast  with  the  stained  protoplasm  of  the  rod  or  spore-bearing 
filament,  the}'  are  especially  well  seen  in  recent  cultures ;  while  in 
older  cultures  the  bacilli  often  do  not  stain  well,  or  are  entirely  dis- 
integrated and  spores  only  are  to  be  seen.  The  discovery  was  made 
at  about  the  same  time  by  Buchner  (1884)  and  by  Hueppe  that 
spores  may  be  stained  if  they  are  first  exposed  to  an  elevated  tem- 
jjerature  for  some  time.  This  may  be  accompUshed  by  placing  the 
slide  or  cover  glass,  upon  which  the  spore-containing  culture  has 
been  dried,  in  a  hot-air  oven  at  a  temperature  of  120°  C.  for  an 
hour;  or  a  higher  temperature  (180°  C.)  may  be  employed  for  a 
shorter  time  (fifteen  minutes) ;  or  the  cover  glass  may  be  passed 
through  the  flame  of  an  alcohol  lamp  or  Bunsen  burner  eight  or  ten 
times,  instead  of  three  times  as  is  customary  when  the  object  in 
view  is  simply  to  coagulate  the  albumen  and  fix  the  film  upon  the 
cover  glass.  After  such  treatment  the  spores  may  be  stained  with 
an  aqueous  solution  of  one  of  the  basic  aniline  colors — ^fuchsin, 
methyl  violet,  etc. — ^but  the  bacilli  no  longer  take  the  stain  so  well. 

To  obtain  satisfactory  double-stained  preparations,  showing 
both  spores  and  bacilli,  a  different  method  is  employed. 

The  film  upon  the  cover  glass  is  passed  through  the  flame  three 
times,  as  heretofore  directed  ;  it  is  then  floated  upon  aniline-f uchsin 
solution  in  a  watch  glass,  and  this  is  heated  to  near  the  boiling  point 
for  an  hour — Neisser's  method.  The  aniline-fuchsin  solution  is 
prepared  by  shaking  an  excess  of  aniline  oil  in  a  test  tube  with  dis- 
tilled water,  filtering  the  saturated  solution  into  a  watch  glass,  and 
then  adding  a  few  drops  of  a  saturated  alcoholic  solution  of  f uchsin. 
After  this  prolonged  action  of  the  hot  staining  fluid  the  spores  of 
some  bacilli  are  deeply  stained,  while  others  do  not  take  the  stain  so 
welL  The  cover  glass  is  next  washed  in  water  and  then  placed  in 
a  decolorizing  solution  containing  twenty-flve  parts  of  hydrochloric 
acid  to  seventy-five  parts  of  alcohol.  This  removes  the  stain  from 
the  hadlli,  but,  if  not  allowed  to  act  too  long,  leaves  the  spores  still 
stained.     The  preparation  is  next  stained  in  a  saturated  aqueous 
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solution  of  methylene  blue ;  and  if  the  operation  has  been  successfully 
carried  out  the  spores  will  be  stained  red  and  the  protoplasm  of  the 
bacilli  in  which  they  are  present  will  be  blue. 

MoUer  has  recently  (1891)  published  the  following  new  method 
of  staining  spores  : 

The  cover-glass  preparation,  dried  in  the  air,  is  passed  three  times 
through  a  flame  or  placed  for  two  minutes  in  absolute  alcohol ;  it  is 
then  placed  in  chloroform  for  two  minutes  and  washed  in  water  ;  it 
is  now  immersed  in  a  five-per-cent  solution  of  chromic  acid  for  from 
half  a  minute  to  two  minutes  and  again  thoroughly  washed  in 
water ;  next  a  solution  of  carbol-f uchsin  is  poured  upon  it  and  it 
is  heated  over  a  flame  until  it  commences  to  boil,  for  sixty  seconds  ; 
the  carbol-f  uchsin  solution  is  then  poured  off  and  the  cover  glass  is 
immersed  in  a  five-per-cent  solution  of  sulphuric  acid  until  the 
film  is  decolorized,  after  which  it  is  again  thoroughly  washed  in 
water.  It  is  then  placed  for  thirty  seconds  in  an  aqueous  solution  of 
methylene  blue  or  of  malachite  green,  and  again  washed  in  water, 
after  which  the  preparation  should  be  dried  and  mounted  in  balsam. 
As  a  result  of  this  procedure  the  spores  are  stained  dark  red  and  the 
protoplasm  of  the  bacilU  blue  or  green. 

Methods  of  Staining  Flagella.— Koch  first  succeeded  in  de- 
monstrating the  flagella  of  certain  bacilli  and  spirilla  by  staining  them 
with  an  aqueous  solution  of  hsematoxylon,  and  dilute  chromic  acid 
as  a  mordant.  Recently  Loffler  (1889)  has  succeeded  in  demonstrat- 
ing? by  an  improved  staining  method,  the  presence  of  flagella  in  a  con- 
siderable number  of  species  in  which  they  had  not  previously  been  seen, 
although  generally  suspected  to  be  present.     His  method  is  as  follows : 

Loffler* s  Method. — The  following  solution  is  used  as  a  mordant : 

No.  1. 

Solution  of  tannin  of  twenty  per  cent,  .  ,  .10  cc. 

Saturated  (cold)  solution  of  ferrous  sulphate,      .  .  5  cc. 

Aqueous  or  alcoholic  solution  of  fuchsm,      .  ,  .         1  cc. 

(Or  one  cubic  centimetre  alcoholic  solution  of  methyl  violet.) 

No.  2. 

A  one  per-eent  solution  of  caustic  soda. 

No.  3. 

A  solution  of  sulphuric  acid  of  such  strength  that  one  cubic  centi- 
metre is  exactly  neutralized  by  one  cubic  centimetre  of  the  soda 
solution. 

According  to  Loffler,  solution  No.  1  is  just  right  for  staining  the 
flagellum  of  Spirillum  concentricum,  but  for  certain  other  bacteria  it 
is  necessary  to  add  to  this  some  of  No.  2  or  of  No.  3.  Thus,  for  the 
cholera  spirillum  from  half  a  drop  to  a  drop  of  the  acid  solution  is 
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added  to  sixteen  cubic  centimetres  of  No.  1.  For  the  bacillus  of 
typhoid  fever  one  cubic  centimetre  of  No.  2  is  added  to  sixteen  cubic 
centimetres  of  No.  1.  Bacillus  subtilis  requires  twenty-eight  to 
thirty  drops  of  No.  2  ;  the  bacillus  of  maUgnant  oedema  thirty-six  to 
thirty-seven  drops,  etc. 

By  carefully  conducted  experiments  Loffler  has  found  that  suc- 
cess in  staining  the  flagella  depends  upon  adding  just  the  right  quan- 
tity of  acid  or  alkali,  a  very  slight  variation  from  the  proper  quantity 
being  sufficient  to  give  an  imperfect  or  negative  result.  In  general, 
those  bacilli  which  produce  an  acid  reaction  in  a  neutral  culture 
medium  require  the  addition  of  the  alkaline  solution,  and  those 
which  cause  an  alkaline  reaction  require  the  addition  of  an  acid — 
acetic  or  sulphuric. 

L5ffler  gives  the  following  detailed  account  of  his  method  : 

A  small  quantity  of  a  pure  culture  is  suspended  in  a  few  drops  of 
distilled  water.  Upon  perfectly  clean  glass  covers  small  drops  of 
water  are  distributed  by  means  of  a  platinum  wire  loop ;  these  are 
sowed  with  bacilli  from  the  first  drop.  These  little  drops  are  spread 
out  upon  the  cover  with  a  platinum  wire  and  allowed  to  dry  in  the 
air,  after  which  they  are  passed  through  the  flame  in  the  usual  way 
to  fix  the  bacteria  to  the  cover  glass.  Great  care  must  be  taken  not 
to  heat  the  preparation  too  much,  as  this  prevents  the  flagella  from 
taking  the  stain.  Loffler  recommends  that  the  cover  glass  be  held 
between  the  thumb  and  forefinger  in  passing  it  through  the  flame, 
instead  of  in  forceps,  as  this  insures  it  from  being  overheated. 

The  mordant  (solution  No.  1)  is  now  placed  upon  the  cover  glass 
so  as  to  completely  cover  it  as  an  arched  drop.  The  cover  glass  is 
then  carefully  heated  over  a  flame  until  steam  commences  to  be  given 
off;  too  much  heat  causes  a  precipitate  which  cannot  be  washed 
away.  The  mordant  is  left  upon  the  cover  glass  for  from  half  a 
minute  to  a  minute,  and  during  this  time  it  is  gently  moved  to  and 
fro.  The  cover  glass  is  then  washed  by  means  of  a  stream  of  dis- 
tilled water.  All  remnants  of  the  mordant  attached  to  the  margins 
of  the  cover  glass  should  then  be  washed  away  with  absolute  alco- 
hol. The  staining  solution  is  now  dropped  upon  the  surface  of  the 
glass  cover  so  as  to  completely  cover  it,  and  heat  is  applied  as  before 
for  about  a  minute  imtil  steam  commences  to  be  given  off.  The 
staining  solution  recommended  is  a  neutral,  saturated  aniUne- 
water-fuchsin  solution. 

Methods  op  Staining  Bacteria  in  Tissues. — The  solutions  re- 
commended for  staining  cover-glass  preparations  are  also  used  in 
staining  bacteria  -in  thin  sections  of  the  various  organs,  in  which 
they  are  found  in  certain  infectious  diseases;  but,  in  general,  a 
longer  time  is  required  to  stain  sections,  and  it  is  best  not  to  hasten 
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the  process  by  the  use  of  heat.  To  obtain  good  thin  sections,  the 
material,  cut  in  small  cubes,  must  be  very  thoroughly  hardened  in 
absolute  alcohoL  The  piece  selected  for  cutting  may  be  attached  to 
a  cork  by  the  use  of  melted  glycerin  jelly,  which  is  hardened  by 
placing  the  cork  and  attached  piece  of  tissue  in  alcohol.  This  an- 
swers for  well-hardened  pieces  of  liver,  kidney, .etc.,  but  the  hollow 
viscera  and  tissues  of  loose  structure  will  require  embedding  in 
paraffin  or  cell^idin.  Any  well-made  sledge  microtome  will  answer 
for  cutting  the  sections,  if  the  knife  is  properly  sharpened.  The  sec- 
tions should,  of  course,  be  cut  under  alcohol,  and  they  can  scarceh' 
be  too  thin  when  the  object  is  to  ^demonstrate  the  presence  or  ab- 
sence of  bacteria.  Very  thin  sections  ma}'  be  cut  dry  by  embedding 
in  paraffin  having  a  melting  point  of  50°  C.  In  this  case  the  knife 
is  set  at  a  right  angle  to  the  mat3rial  to  be  cut,  and  the  sections 
are  spread  out  upon  and  attached  to  the  glass  slide  for  staining. 

One  of  the  most  useful  solutions  for  staining  tissues  is  Loffler  s 
alkaline  solution  of  methylene  blue  (No.  4).  A  freshly-prepared  so- 
lution will  stain  sections  in  four  or  five  minutes.  Superfluous  color 
is  removed  by  immersing  the  sections  in  diluted  alcohol  or  in  a  one- 
half -per-cent  solution  of  acetic  acid  for  a  few  seconds.  The  sectiofis 
are  dehydrated  in  absolute  alcohoL  cleared  up  with  oil  of  cedar,  and 
mounted  in  a  drop  of  cedar  oil  'for  examination,  or.  in  balsam  if 
they  are  to  be  preserved. 

Gramas  method  may  be  used  as  directed  for  cover-glass  prepara- 
tions, the  sections  being  first  stained  in  aniline-gentian- violet  solu- 
tion (No.  1),  then  washed  in  water,  or  in  aniline  water  as  recently 
(1892)  recommended  by  Botkin,  then  decolorized  in  the  iodine  solu- 
tion (see  page  29).  The  sections  when  decolorized  are  again  washed 
in  water,  dehydrated  in  absolute  alcohol,  cleared  in  cedar  oil,  and 
mounted  in  balsam. 

Weigerfs  Method, — This  is  a  modification  of  Gram's  method  in 
which  the  sections  are  dehydrated  by  the  use  of  aniline  oil.  The 
stained  section,  after  having  been  washed,  is  transferred  to  a  clean 
glass  slide,  the  excess  of  water  is  removed  by  the  use  of  filtering 
paper,  and  the  iodine  solution  is  placed  upon  it  in  sufficient  quantity 
to  cover  the  entire  section.  When  sufficiently  decolorized  this  is  re- 
moved in  the  same  way.  The  section  is  then  dehydrated  by  placing 
a  few  drops  of  aniline  oil  upon  it,  removing  this  with  filtering  paper, 
and  repeating  the  operation  once  or  twice.  The  aniline  oil  must 
then  be  completely  removed  by  the  use  of  xylol,  after  which  the  sec- 
tion is  motmted  in  balsam. 

Kiihne^s  Method. — The  object  of  this  method  is  to  prevent  the 
removal  of  the  color  from  stained  bacteria  in  sections  during  the 
treatment  which  such  sections  usually  receive  before  they  are  ready 
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for  mounting — Le.y  during  the  washing  and  dehydrating  processes 
usually  employed.  For  staining,  Kiihne  prefers  a  methylene-blue 
solution  prepared  as  follows  :  Methylene  blue,  1.5  parts  ;  absolute 
alcohol,  ten  parts  ;  triturate  in  a  watch  glass  and  add  gradually  one 
hundred  parts  of  a  solution  of  carbolic  acid  containing  five  parts  in 
one  hundred  of  water.  The  section  is  placed  in  this  solution  for  about 
half  an  hour,  then  washed  in  water  and  decolorized  in  a  weak  solution 
of  hydrochloric  acid — ten  drops  to  five  hundred  grammes  of  water. 
This  part  of  the  operation  must  be  conducted  very  carefully,  and 
usually  thin  sections  will  only  require  to  be  dipped  in  the  acid  solu- 
tion for  an  instant,  after  which  they  must  be  at  once  immersed  in  a 
solution  of  lithiums-eight  drops  of  a  saturated  solution  of  carbonate 
of  lithium  in  ten  grammes  of  water.  They  are  then  allowed  to  re- 
main in  a  bath  of  distilled  water  for  a  few  minutes,  after  which  they 
are  dipped  into  absolute  alcohol,  which  Kiihne  colors  by  the  addition 
of  methylene  blue.  The  sections  are  then  placed  in  aniline  oil  which 
contains  a  little  methylene  blue  in  solution,  where  they  are  dehy- 
drated without  the  color  being  extracted  from  the  stained  bacteria 
present.  The  aniline-oil  blue  solution  is  prepared  by  adding  an  ex- 
cess of  dry  methylene  blue  to  a  small  quantity  of  clarified  aniline 
oil.  The  undissolved  pigment  settles  to  the  bottom,  and  a  few  drops 
of  the  colored  solution  are  added  to  a  little  aniline  oil  in  a  watch 
glass  to  make  the  colored  dehydrating  bath.  The  section  is  next 
washed  out  in  pure  aniline  oil — ^not  colored — after  which  every  trace 
of  aniUne  oil  is  to  be  removed  by  the  use  of  xylol.  The  section  is 
cleared  up  in  turpentine  and  mounted  in  balsam. 

Ziehl-Xeelson  Method,  for  the  tubercle  bacillus  in  tissues. — 
Leave  the  sections  for  fifteen  minutes  in  carbol-fuchsin  solution 
(Xo.  3) ;  decolorize  in  sulphuric  or  nitric  acid,  twenty-five-per-cent 
solution  ;  wash  in  sixty-per-cent  alcohol ;  place  in  a  saturated  aque- 
ous solution  of  methylene  blue  for  contrast  stain  ;  wash,  dehydrate, 
and  mount  in  balsam. 

The  following  method  of  staining  sections  for  the  purpose  of 
demonstrating  bacteria  present  in  the  tissues  is  recommended  by 
Pregl  (1891)  as  a  substitute  for  the  method  of  Kiihne,  The  results 
are  said  to  be  excellent,  and  it  is  much  simpler  and  more  expeditious. 

The  sections  are  made  from  tissues  embedded  in  paraflSn,  and  are 
attached  to  clean  glass  slides  with  albumen-glycerin.  Or  they  may 
be  attached  to  a  cover  glass  by  the  following  method  when  not  em- 
bedded in  paraffin :  The  sections,  completely  dehydrated,  are  taken 
out  of  absolute  alcohol  on  a  thin  glass  cover,  upon  which  they  are 
extended ;  a  piece  of  filter  paper  is  applied  to  the  side  of  the  cover 
glass  to  absorb  the  alcohol,  and  before  the  section  is  completely  dry 
a  drop  of  aceton-celloidin  solution  is  placed  upon  it  by  means  of  a 
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glass  rod.  The  cover  glass  is  now  moved  about  in  the  air  to  promote 
rapid  evaporation  of  the  alcohol,  and  is  then  placed  in  water.  The 
section  now  remains  attached  to  the  cover  glass  during  subsequent 
manipulations.  The  aceton-celloidin  solution  referred  to  is  pre- 
pared by  adding  celloidin  in  small,  dry  pieces  to  aceton  imtil  a  con- 
centrated solution  is  obtained.  A  large  drop  of  this  added  to  five 
cubic  centimetres  of  absolute  alcohol  makes  a  suitable  solution  for 
use.  This  must  be  kept  in  a  glass-stoppered  bottle,  and  will  require 
to  be  frequently  renewed,  as  it  is  not  suitable  for  use  after  having 
absorbed  moisture  from  the  air.  The  aceton  as  obtained  from  dealers 
contains  considerable  water  and  must  be  dehydrated  by  adding  to  it 
red-hot  sulphate  of  copper. 

The  sections,  attached  to  a  slide  or  cover  glass  by  one  of  the 
methods  mentioned,  are  stained  with  Kiiime's  carbol-methylene-blue 
solution,  which  is  dropped  upon  them  from  a  pipette.  Usually  they 
will  be  sufficiently  stained  at  the  end  of  half  a  minute  to  a  minute, 
but  in  some  cases  a  longer  time  and  the  application  of  heat  will  be  de- 
sirable. They  are  then  washed  in  water  and  immediately  placed  in 
fifty-per-cent  ^.Icohol,  where  they  remain  until  the  sections  have  a 
pale-blue  color  with  a  greenish  tinge.  They  are  now  completely 
dehydrated  in  absolute  alcohol  and  subsequently  cleared  up  in  xylol. 

Staining  Sections  of  Gelatin  Stick  Cultures. — Fischl,  Wei- 
gert,  and  Neisser  have  given  an  account  of  methods  for  staining 
stick  cultures  in  gelatin  of  non-liquefying  bacteria.  The  object  of 
this  is  to  show  the  mode  of  growth  and  the  association  of  individual 
cells  in  undisturbed  cultures.  Neisser  gives  the  following  direc- 
tions :  The  gelatin  cultures  are  inoculated,  by  several  punctures, 
with  the  micro<*)rganism  to  be  studied.  When  the  development  is 
deemed  sufficient  the  cylinder  of  gelatin  is  removed  from  the  test 
tube  by  gently  warming  its  walls.  It  is  then  placed  for  several  days 
— one  to  eight,  according  to  its  size  and  thickness — in  a  one-per-cent 
solution  of  bichromate  of  potassium.  While  in  this  solution  it  must 
be  exposed  to  the  light,  which  causes  a  change  in  the  gelatin,  ren- 
dering it  insoluble.  The  gelatin  cylinder  is  thoroughly  washed  and 
then  hardened  in  alcohol,  first  of  seventy  per  cent  and  then  of  ninety- 
six  per  cent.  It  is  then  cut  into  suitable  pieces,  and  these  are  attached 
to  a  cork  in  the  usual  manner  and  placed  for  twenty-four  hours  in  ab- 
solute alcohol.  Thin  sections  may  now  be  made  with  a  microtome, 
and  these  are  attached  to  a  glass  slide  and  stained  by  Gram's  or 
Weigert^s  method  or  by  the  use  of  Loffler's  solution  (No.  4). 
The  decolorization  should  be  effected  by  the  use  of  alcohol  and  not 
with  an  acid  solution.  When  Gram's  method  is  used  decolorize  by 
the  alternate  use  of  alcohol  and  oil  of  cloves.  Clear  the  preparation 
with  oil  of  bergamot. 
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CULTURE  MEDIA. 

To  obtain  a  satisfactory  knowledge  of  the  biological  characters 
of  the  diflferent  species  of  bacteria,  it  is  necessary  to  isolate  them  in 
"  pure  cultures  "  and  to  study  their  growth  in  various  culture  media. 
By  a  pure  culture  we  mean  a  cultivation  containing  a  single  species 
only ;  and  to  be  absolutely  sure  that  we  have  a  pure  culture  it  is 
desirable  that  all  of  the  bacteria  in  a  culture  shall  be  the  progeny  of 
a  single  cell.  The  methods  of  obtaining  pure  cultures  will  be  given 
later.  At  present  we  propose  to  give  an  account  of  the  various  cul- 
ture media  commonly  employed  by  bacteriologists,  and  the  methods 
of  preparing  them  for  use. 

By  a  natural  culture  medium  we  mean  one  which,  as  obtained  in 
nature,  contains  the  necessary  pabulum  for  the  development  of  one 
or  more  species  of  bacteria.  An  artificial  culture  medium  is  one 
which  is  prepared  artificially  by  adding  nutritive  material  to  water. 
A  sterile  medium  is  one  which  does  not  contain  any  living  micro- 
organisms. We  may  obtain  natural  media  in  a  sterile  condition,  but 
artificial  media  require  sterilization,  as  they  are  infallibly  contami- 
nated with  living  "  germs  "  from  the  atmosphere  during  the  process 
of  preparing  them.  Sterilization  is  usually  effected  by  heat.  For- 
ceps, glass  tubes,  etc.,  may  be  sterilized  by  passing  them  through 
the  flame  of  an  alcohol  lamp  or  Bunsen  burner. 

NaturaLi  Culture  Media. — The  most  important  natural  cul- 
ture medium  is  blood  serum,  which  may  be  obtained  from  one  of 
the  lower  animals — preferably  from  oxen  or  calves.  This  is  to  be 
collected  in  a  sterilized  jar,  with  every  precaution  to  insure  cleanli- 
ness, at  the  moment  of  slaughtering  the  animal.  Or  the  blood  of  a 
calf,  sheep,  or  dog  may  be  collected  at  the  laboratory  by  a  carefully 
conducted  operation,  in  which  the  femoral  or  carotid  artery  is  con- 
nected with  a  sterilized  glass  tube  leading  into  a  sterilized  receptacle, 
such  as  a  Woulf  s  bottle,  into  one  neck  of  which  a  cotton  plug  has 
been  placed  to  permit  the  air  to  escape  as  the  bottle  fills  with 
blood  through  a  tube  which  is  secured  in  the  other  neck.  When 
blood  is  passed  directly  from  an  artery  into  a  sterilized  receptacle 
the  serum  will  not  subsequently  require  sterilization.    The  writer  is  in 
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the  habit  of  collecting  it  in  this  way,  and,  after  the  serum  has  sepa- 
rated, of  drawing  it  oflf  in  Uttle  flasks  having  a  long  neck,  as  shown 
in  Fig.  14.  The  neck  of  the  flask,  previously  sterilized  by  heat,  is 
slipped  into  the  Woulf 's  bottle  beside  the  cotton  plug,  the  bulb  (a) 
having  been  previously  gently  heated  to  expand  the  contained  air. 
As  the  heated  air  cools  a  partial  vacuum  is  formed  and  the  clear 
serum  mounts  into  the  Uttle  flask.  One  after  another  is  filled  in 
this  way,  and  each  one  is  hermetically  sealed  in  the  flame  of  a  lamp 
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Fig.  16. 


as  soon  as  it  is  withdrawn.  The  sterile  blood  serum  may  be  pre- 
served indefinitely  in  this  way,  and  may  be  used  as  a  liquid  culture 
medium  in  the  little  fiask,  or  it  may  be  transferred  to  a  test  tube 
and  solidified  by  heat  whenever  a  solid  blood-serum  medium  is  re- 
quired. The  advantage  of  preserving  blood  serum  and  other  liquid 
media  in  these  little  flasks  is  in  the  fact  that  they  may  be  preserved 
indefinitely  without  becoming  contaminated  or  drying  up,  and  that 
they  are  easily  transported,  while  a  liquid  medium  in  a  test  tube 
must  be  kept  upright.     The  contents  of  one  of  these  flasks  are  readily 
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transferred  to  a  test  tube  by  breaking  oflf  the  sealed  extremity  with 
sterile  forceps  and  shpping  it  past  the  cotton  plug,  which  must  be 
partly  withdrawn  for  the  purpose.  Upon  applying  gentle  heat  to 
the  bulb  its  contents  are  forced  out  into  the  test  tube  (Fig.  15). 
Blood  serum  which  is  collected  without  these  special  precautions 
will  require  sterilization  by  heat,  for  which  directions  will  be  given 
later. 

To  obtain  the  clear  serum  from  blood  collected  as  above  directed, 
the  jars  containing  it  are  set  aside  in  a  cool  place  in  order  that  a  firm 
clot  may  form,  care  being  taken  not  to  shake  them.  After  the  clot 
has  formed  they  may  be  transported  to  the  laboratory,  where  they 
are  placed,  in  an  ice  box  or  in  a  cool  cellar  for  from  twenty-four  to 
forty-eight  hours.  By  this  time  the  serum  has  separated  from  the 
clot,  and  it  may  be  transferred  to  sterilized  test  tubes  by  means  of  a 
suction  pipette  (Fig.  16),  or  may  be  distributed  in  little  flasks  as 
above  directed. 

Milk  is  largely  used  as  a  culture  medium,  and  is  especially  useful 
in  studying  the  biological  characters  of  various  microorganisms,  as 
shown  by  their  causing  coagulation  of  the  casein,  or  otherwise  ;  or 
an  acid  or  alkaline  reaction  of  the  liquid  ;  or  peptonization  of  the 
precipitated  casein,  etc.  In  the  udder  of  healthy  cows  milk  is  quite 
sterile,  and  by  proper  precautions  it  may  be  drawn  into  sterilized 
flasks  without  any  contamination  and  kept  indefinitely  without  un- 
dergoing coagulation  or  any  other  change.  But  in  practice  it 
is  easier  to  sterilize  it  in  test  tubes  or  small  flasks  by  the  use  of 
heat  than  to  obtain  it  in  a  sterile  condition  from  the  udder  of  the 
cow. 

Urine  has  been  used  to  some  extent  as  a  culture  medium,  and 
many  bacteria  multiply  in  it  abundantly,  although,  on  account  of  its 
acid  reaction,  other  species  fail  to  grow  in  it.  As  contained  in  the 
healthy  bladder  it  is  sterile,  but  the  mucous  membrane  of  the  mea- 
tus urinarius  always  contains  numerous  bacteria  upon  its  surface,  and 
some  of  these  are  sure  to  be  carried  away  with  the  current  when 
urine  is  passed. 

A  culture  fluid  which  the  writer  has  found  extremely  useful,  in 
tropical  countries  where  it  is  to  be  obtained,  is  the  transparent  fluid 
contained  in  the  interior  of  unripe  cocoanuts — called  agua  coco  by 
the  Spaniards.  In  countries  where  the  cocoanut  is  indigenous  this 
cocoanut  water  is  largely  used  as  a  refreshing  drink.  It  contains 
about  four  per  cent  of  glucose  in  solution,  together  with  some  vege- 
table albumen  and  salts.  Some  microorganisms  multiply  in  it  with- 
out appropriating  the  glucose,  while  others  split  this  up,  producing 
an  abundant  evolution  of  carbon  dioxide  and  giving  to  the  fluid 
a  very  acid  reaction.     The  following  are  the  results  of  an  analysis 
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made  for  me  by  Dr.  L.  L.  Van  Slyke  in  the  chemical  laboratory  of 
Johns  Hopkins  University  :  The  weight  of  the  fluid  obtained  from 
six  nuts  averaged  339.1  grammes.  The  specific  gravity  avers^ed 
1.02285.  The  amount  of  water  averaged  95  percent;  the  amount 
of  inorganic  ash,  0.618  per  cent;  the  amount  of  glucose,  3.97  per 
cent ;  the  amount  of  fat,  0.119  per  cent ;  the  amount  of  albuminoids, 
0.133  per  cent. 

As  this  fluid  is  contained  in  a  germ-proof  receptacle,  no  steriliza- 
tion is  required  when  it  is  drawn  off  with  proper  precautions  in  the 
little  flasks  heretofore  described. 

Hydrocele  fluid  has  been  used  as  a  culture  mediiun,  and  many 
bacteria  multiply  in  it  abundantly. 

Other  natural  culture  media  are  found  in  the  animal  and  vege- 
table kingdoms,  which  are  used,  either  cooked  or  raw,  as  solid  sub- 
strata upon  which  bacteria  may  be  cultivated.  One  of  the  most  use- 
ful of  these  is  the  potato^  which  is  a  favorable  medium  for  the  de- 
velopment of  numerous  species,  and  upon  which  (cooked)  many  of 
them  present  characters  of  growth  which  are  so  distinctive  as  to  aid 
greatly  in  the  differentiation  of  species. 

Other  tuber Sy  roots,  ov  fruits  may  also  be  used  as  solid  media,  or 
their  juices  extracted  and  employed  as  Uquid  media.  Cooked  fish 
and  meats  of  various  kinds  are  also  suitable  media  for  certain  spe- 
cies— e.g.y  the  phosphorescent  bacteria  grow  very  well  upon  the  sur- 
face of  boiled  fish,  and  in  a  dark  room  give  off  a  bright,  phosphores- 
cent Ught. 

Eggs,  steriUzed  by  boiling,  have  been  used  by  some  bacteriolo- 
gists, especially  for  the  cultivation  of  anaerobic  species. 

Artificial  Culture  Media. — A  great  variety  of  liquid  media 
have  been  employed  by  bacteriologists,  the  most  useful  of  which  are 
infusions  of  beef  or  mutton,  with  the  addition  of  a  Uttle  peptone. 
But  Pasteur  has  shown  that  some  species  of  bacteria  will  grow  in  a 
medium  which  does  not  contain  any  albiuninous  material,  nitrogen 
being  obtained  from  salts  containing  ammonia. 

Pasteur's  solution,  which  is  rarely  used  at  present,  contains  : 
Distilled  water,  one  hundred  parts  ;  cane  sugar,  ten  parts ;  tartrate 
of  ammonia,  one  part,  with  the  addition  of  the  ashes  from  one 
gramme  of  yeast. 

Cohn  modified  this  by  leaving  out  the  cane  sugar,  which  favors 
the  development  of  moulds.  These  fluids  are  not,  however,  in- 
tended for  general  use  in  the  cultivation  of  bacteria,  but  to  demon- 
strate certain  facts  relating  to  their  physiology. 

Infusions  of  meat,  or  ^*  flesh  water,"  are  made  by  chopping  fine 
lean  beef  or  mutton  (one  pound)  and  covering  it  with  water  (one 
litre).     This  is  placed  in  an  ice  chest  for  twenty-four  hours,  and  the 


Digitized  by  CjOOQIC 


CULTURE  MEDIA.  41 

aqueous  extract  is  then  obtained  by  filtration  through  muslin  by 
pressure.  This  extract  is  cooked,  filtered,  and  carefully  neutralized 
by  the  addition  of  a  solution  of  carbonate  of  sodium,  which  is  added 
drop  by  drop.  Usually  we  add  to  this  one-half  per  cent  of  chloride 
of  sodium.  The  addition  of  ten  grammes  of  peptone  to  a  litre  of 
this  meat  infusion  constitutes  the  flesh-peptone  solution  which  is 
largely  used  in  the  preparation  of  solid  culture  media,  to  be  described 
hereafter. 

The  addition  of  fire  per  cent  of  glycerin  to  the  above  infusion 
makes  a  useful  liquid  medium  for  the  cultivation  of  the  tubercle  ba- 
cillus (Roux  and  Nocard).  The  liquid  should  be  again  neutralized 
after  adding  the  glycerin,  which  commonly  has  an  acid  reaction. 

Bouillon  is  made  by  cooking  the  chopped  meat— one  pound  in  a 
litre  of  water — for  about  half  an  hour  in  a  large  glass  flask  or  an 
enamelled  iron  kettle.  The  filtered  bouillon  is  then  carefully  neu- 
tralized with  sodium  carbonate,  and  again  boiled  for  an  hour  to  pre- 
cipitate all  coagulable  albuminoids.  It  is  again  filtered  and  dis- 
tributed in  test  tubes  or  small  flasks,  in  which  it  is  subsequently 
sterilized.  For  certain  pathogenic  bacteria  a  bouillon  made  from  the 
flesh  of  a  fowl  or  of  a  rabbit  is  preferable  to  beef  bouillon. 

Flesh  infusion  may  also  be  made  from  one  of  the  standard  beef 
extracts,  such  as  Liebig's  (five  grammes  to  a  litre  of  water). 

Various  vegetable  infusions  may  also  be  used  as  culture  media, 
8uch  as  yeast  water,  potato  water,  infusion  of  hay,  of  barley,  or  of 
wheat,  of  dried  fruits,  beer  wort,  etc. 

Solid  Culture  Media. — The  introduction  of  solid  culture 
media,  and  especially  the  use  of  gelatin  and  agar-agar,  as  first 
recommended  by  Koch  (1881),  for  the  isolation  and  differentiation  of 
species,  was  a  most  important  advance  in  bacteriological  technology. 
We  are  concerned  here  only  with  the  composition  and  preparation 
of  these  media. 

Flesh-Peptone^Gelatin. — This  is  made  by  adding  ten  per  cent 
of  the  best  French  gelatin  to  the  flesh-peptone  solution  above  de- 
scribed. This  is  the  standard  gelatin  medium,  but  more  or  less 
gelatin  may  be  added  to  serve  a  special  purpose.  Thus,  in  Havana 
during  the  summer  months  the  writer  used  a  medium  containing 
twenty  per  cent  of  gelatin,  because  when  but  ten  per  cent  was  used 
the  gelatin  was  liquefied  by  the  normal  temperature  of  the  atmo- 
sphere. Ten-per-cent  gelatin,  of  good  quality  and  carefully  pre- 
pared, will  stand  a  temperature  of  20°  to  22°  C.  (68°  to  71.6°  F.) 
without  melting.  When  twenty  per  cent  of  gelatin  is  used  the 
melting  point  is  about  8°  C.  higher.  It  must  be  remembered  that 
exposure  to  a  boiling  temperature  reduces  the  melting  point  of  gela- 
tin.    It  is  therefore  desirable  to  accomplish  the  operations  of  cook- 
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ing  and  sterilizing  in  as  short  a  time  as  is  practicable.  The  French 
gelatin  used  comes  in  thin  sheets ;  this  is  broken  up  and  added  to 
the  flesh-peptone  solution. 

Usually  we  prepare  a  Utre  of  nutrient  gelatin  at  one  time,  and  for 
this  quantity  one  hundred  grammes  of  gelatin  will  be  required  for  the 
standard  preparation  (ten  per  cent).  It  is  well  to  allow  it  to  soak  for 
a  time  in  the  Uquid  before  applying  heat  for  the  purpose  of  dissolving 
it.  Then  apply  gentle  heat  until  it  is  completely  dissolved.  The  gela- 
tin of  commerce  usually  has  an  acid  reaction,  and  it  will  be  necessary 
to  carefully  neutralize  the  medium  after  it  has  been  added.  A  slightly 
alkaline  reaction  is  usually  no  disadvanta^,  but  certain  pathogenic 
bacteria  will  not  grow  when  there  is  a  trace  of  acid  present.     The 
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next  step  consists  in  clarifying  the  nutrient  medium.  It  is  allowed 
to  cool  to  about  50°  C,  and  an  e^^,  previously  broken  into  one 
hundred  grammes  of  water,  is  gradually  added  while  stirring  the 
liquid  with  a  glass  rod.  A  whole  egg  is  used  for  a  Utre  of  the  solu- 
tion. Heat  is  again  applied  and  the  solution  is  kept  at  the  boiling 
point  for  about  ten  minutes,  during  which  time  the  e^^  albumen  is 
precipitated  ajid  carries  down  with  it  all  insoluble  particles,  which 
without  this  clarifying  process  would  have  interfered  with  the  trans- 
parency of  the  medium,  even  when  carefully  filtered.  The  hot 
solution  is  then  filtered,  A  hot- water  funnel  (Fig.  17)  is  usually 
employed,  as  the  gelatin  solution  does  not  pass  through  filtering 
paper  very  rapidly,  and  when  cooled  to  near  the  point  of  solidifying 
ceases  to  pass. 
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The  advantages  of  the  gelatin  medium  are  that  it  is  perfectly 
transparent,  that  it  is  easily  melted  for  making  '^plates/'  and  that 
many  bacteria  exhibit  in  it  special  characters  of  growth  by  which  they 
may  be  differentiated  from  others  which  resemble  them  in  form. 
The  principal  disadvantage  is  the  low  melting  point,  which  prevents 
us  from  making  use  of  this  medium  for  cultivating  bacteria  in  an  in- 
cubating oven  at  a  higher  temperature  than  about  22°  C.  for  ten-per- 
cent gelatin. 

This  disadvantage  is  overcome  by  using  agar-agar  instead  of 
gelatin.  This  is  prepared  in  Japan  and  other  Eastern  countries 
from  certain  species  of  gelatinous  algae.  It  comes  to  us  in  the  form 
of  bundles  of  dried  strips,  which  form  a  stiff  jelly  when  dissolved  in 
water  in  the  proportion  of  one  to  two  per  cent.  This  jelly  remains 
solid  at  a  temperature  of  40°  C.  and  above.  It  was  first  employed 
by  Hesse,  one  of  Koch's  collaborators  in  the  office  of  the  imperial 
board  of  health  of  Berlin.  Koch,  who  was  in  search  of  a  trans- 
parent jelly  which  would  stand  the  temperature  required  for  the  cul- 
tivation of  certain  pathogenic  bacteria  (37°  to  38°  C),  quickly  recog- 
nized its  value  and  introduced  it  into  general  use. 

The  agar-agar  jelly  is  more  difficult  to  filter  than  the  gelatin 
medium,  and  some  skill  is  required  in  order  to  obtain  a  transparent 
solution.  It  will  bear  long  boiling  without  losing  its  quality  of 
forming  a  stiff  jelly.  From  ten  to  twenty  grammes  are  added  to  a 
litre  of  flesh  infusion,  or  we  may  make  a,  peptonized  agar  in  accor- 
dance with  the  following  formula  which  is  given  by  Salomonson : 
Add  to  one  litre  of  distilled  water  five  grammes  Liebig's  extract, 
thirty  grammes  peptone,  five  grammes  cane  sugar,  fifteen  grammes 
agar.  Cook  for  an  hour,  render  slightly  alkaline,  and  cool  to  below 
60**  C.     Clarify  and  cook  again  for  an  hour  or  more. 

Olycerin-agar  is  made  by  adding  five  per  cent  of  glycerin  to 
the  peptonized  agar  made  by  the  above  formula  or  by  the  use  of  the 
flesh-peptone  infusion.  This  is  a  very  favorable  medium  for  the  cul- 
tivation of  the  tubercle  baciUus — ^first  used  by  Roux  and  Nocard. 

Agar-gelatin,  a  medium  which  has  recently  come  into  favor  and 
is  said  to  be  very  useful,  as  it  resembles  gelatin  in  transparency  and 
has  a  considerably  higher  melting  point  than  ten-per-cent  gelatin,  is 
made  by  adding  fifty  grammes  of  gelatin  and  7.5  grammes  of  agar 
to  a  litre  of  flesh-peptone  solution.  Care  should  be  taken  not  to  cook 
this  longer  than  is  necessary. 

In  making  all  of  these  agar  culture  media  the  main  difficulties 
encountered  result  from  the  difficulty  of  dissolving  the  agar  and  the 
slowness  with  which  the  solution  passes  through  filtering  paper. 
These  difficulties  are  best  met  as  follows  :  Break  up  the  sticks  of  agar 
into  small  fragments  and  allow  them  to  soak  in  cold  water  for  twenty- 


Digitized  by  CjOOQIC 


44 


CULTURE  MEDIA. 


four  hours.  Pour  off  the  water  and  add  the  flesh-peptone  solution. 
Boil  for  several  hours  until  the  agar  is  completely  dissolved.  Neu- 
trahze  by  adding  gradually  a  solution  of  carbonate  of  soda  (or  render 
slightly  alkaline).     Filter. 

The  last  operation  is  the  most  troublesome,  and  various  plans 
have  been  proposed  to  avoid  the  tedious  filtration  through  filtering 
paper  in  a  hot-water  filter.  A  method  which  gives  satisfactory  re- 
sults is  to  place  the  filter  containing  the  hot  agar  solution,  and  the 
flask  which  is  to  receive  the  filtrate,  in  a  steam  sterilizing  apparatus, 
where  it  is  left  in  an  atmosphere  of  streaming  steam  until  the  filtra- 
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tion  is  completed.  Or  the  solution  may  be  put  in  a  tall  jar  and  left 
in  the  steam  steriUzer  for  several  hours  until  it  is  clear  as  a  result  of 
sedimentation.  The  clear  solution  is  then  obtained  by  decantation. 
Or  by  conducting  the  operation  in  a  tall  cyUndrical  vessel,  and  al- 
lowing sedimentation  to  occur  in  the  steam  sterilizer  and  the  agar 
subsequently  to  solidify  by  coohng,  the  cylinder  of  jeUy  may  be  re- 
moved from  the  jar  and  the  part  containing  the  sediment  can  be  cut 
away.  The  transparent  portion  is  then  melted  again  and  distributed 
in  test  tubes  for  use. 

In  the  present  volmne  we  frequently  refer  to  the  nutrient  medium 
made  by  adding  one  to  two  per  cent  of  agar-agar  to  the  standard 
flesh-peptone  solution  as  *'  nutrient  agar  "  or  simply  as  "  agar." 
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The  following  method  of  filtering  agar  has  recently  (1890)  been 
proposed  by  Karlinsky.  It  is  a  modification  of  the  method  previously 
described  by  Jakobi  and  depends  upon  the  use  of  pressure. 

In  Fig.  18,  a  is  a  cylindrical  vessel  of  tin,  which  is  closed  above  by 
a  perforated  rubber  cork,  through  which  is  passed  a  glass  tube,  6. 
This  is  enclosed  in  a  larger  tin  cylinder,  c,  which  contains  water, 
which  may  be  kept  hot  by  placing  an  alcohol  lamp  under  the  pro- 
jecting arm  d.  The  central  cylinder  has  a  tube,  e,  passing  through 
the  bottom  of  the  hot- water  cyUnder,  and  which  is  provided  with  a 
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stopcock  for  drawing  off  the  filtered  solution.  Before  pouring  the 
hot  agar  solution  into  the  cyhnder  a,  a  cotton  filter  about  ten  centi- 
metres thick  is  placed  at  the  bottom  of  this  cylinder  and  hot  water 
is  poured  upon  it  while  the  stopcock  of  the  outlet  tube  is  open.  This 
washes  out  the  cotton  and  prepares  the  filter  for  the  agar  solution. 
The  apparatus  is  supported  upon  a  tripod,  not  shown  in  the  figure. 
Filtration  is  said  to  occur  rapidly  when  the  air  in  the  central  cyhnder 
is  compressed  by  means  of  the  hand  bellows  attached  to  the  tube  6. 
Unna  (1891)  has  devised  a  filtering  apparatus  for  agar  which  is 
shown  in  Fig.  19.    In  this  the  pressure  of  steam  is  utihzed.    A  hollow 
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sphere  of  copper,  supported  upon  a  tripod,  is  so  constructed  that  an 
upper  hemispherical  segment  can  be  removed  to  give  access  to  the 
interior.  An  opening  at  the  bottom  contains  a  perforated  rubber 
cork,  through  which  the  stem  of  an  enamelled  iron  funnel  passes. 
A  simple  filter  of  filtering  paper  is  used  in  this  funnel,  and  this  is 
filled  to  a  depth  of  two  centimetres  with  well-burned  kieselgur  (dia- 
tomaceous  earth  in  which  the  organic  matter  has  been  destroyed  by 
heat).  The  hot  solution  of  agar  is  poured  into  the  funnel,  and  hot 
water  into  the  space  between  it  and  the  copper  vessel ;  this  must  not 
come  too  near  the  top  of  the  funnel — not  nearer  than  three  centi- 
metres. The  hemispherical  cover  is  then  secured  in  its  place  by 
means  of  a  clamp  screw  shown  in  the  figure.  By  placing  a  Bunsen 
burner  under  the  projecting  arm  the  water  is  made  to  boil  and  a 
sufficient  steam  pressure  secured.  A  small  stopcock  attached  to  the 
cover  of  the  copper  vessel  permits  the  escape  of  steam  if  the  pressure 
is  too  great.  According  to  Unna,  solutions  containing  as  much  as 
three  per  cent  of  agar  can  be  filtered  by  means  of  this  apparatus,  and 
a  litre  of  two-per-cent  agar  Avill  pass  through  it  in  about  two  hours. 

For  special  purposes  various  substances  are  added  to  the  above- 
described  solid  and  liquid  media.  A  favorable  addition  for  the 
growth  of  a  considerable  number  of  bacteria  is  from  one  to  three  per 
cent  of  glucose.  The  phosphorescent  bacteria  grow  best  in  a  medium 
containing  two  to  three  per  cent  of  sodium  chloride.  The  addition 
of  three  to  four  per  cent  oi  potassium  nitrate  is  made  in  conducting 
experiments  designed  to  test  the  reducing  power  of  certain  bacteria, 
by  which  this  salt  is  decomposed  with  the  production  of  nitrites. 
Acids  are  also  added  in  various  proportion  to  test  the  ability  of 
bacteria  under  investigation  to  grow  in  an  acid  medium.  From 
1  : 2,000  to  1  :  500  of  hydrochloric  acid  may  be  used  for  this  purpose. 
The  addition  of  litmus  to  milk  or  other  culture  media  is  fre- 
quently resorted  to  for  the  purpose  of  ascertaining  whether  acids  or 
alkalies  are  developed  during  the  growth  of  bacteria  under  investi- 
gation. The  addition  of  aniline  colors  which  are  variously  changed 
by  the  products  of  growth  of  certain  species  has  also  been  resorted 
to  in  the  differentiation  of  species.  Various  disinfecting  agents,  such 
as  carbolic  acid,  etc.,  have  also  been  used  for  the  same  purpose,  and 
it  has  been  shown  by  experiment  that  some  bacteria  -will  grow  in  a 
medium  containing  such  agents  in  a  proportion  which  would  entirely 
restrain  the  development  of  others. 

Quite  recently  the  soluble  silicates  which  form  a  jelly-like  mass 
have  been  proposed  as  a  culture  medium  for  certain  bacteria  which 
do  not  grow  in  the  usual  media.  Kiihne  (1800),  Winogradsky 
(1891),  and  Sleskin  (1891)  have  made  experiments  which  indicate 
that  this  medium  has  considerable  value. 
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Winogradsky  uses  in  the  preparation  of  his  silicate  jelly  the 
following  salts : 

Ammonium  sulphate,  0.4  gramme. 

Magnesium  sulphate,     .  0.05        '' 

Potassium  phosphate,  *  0.1  '* 

Calcium  chloride,         ....  a  trace. 

Sodium  carbonate,  0.6  to  0.9  gramme. 
Distilled  water,  100  grammes. 

To  this  he  adds  a  solution  of  silicic  acid.  According  to  Kiihne,  a 
solution  containing  3.4  per  cent  of  silicic  acid  and  having  a  specific 
gravity  of  1.02  may  be  preserved  in  a  liquid  condition.  To  this  the 
salts  are  added  in  greater  or  less  amount,  according  to  the  consis- 
tence desired. 

Sleskin  states  that  a  suitable  jelly  is  formed  by  the  addition  of 
1.15  to  1.45  per  cent  of  the  salts,  and  recommends  that  concentrated, 
sterilized  solutions  be  added  to  the  acid.  He  dissolves  separately,  in 
as  little  water  as  possible,  the  sulphates,  the  potassium  phosphate 
and  sodium  carbonate,  and  the  calcium  chloride. 

The  use  of  a  culture  medium  containing  an  extract  from  the 
jequirity  seeds  has  recently  been  recommended  by  Kaufmann  (1891), 
who  has  found,  by  experimenting  upon  various  bacteria,  that  such  a 
mediiun  is  useful  in  differentiating  species. 

The  jequirity  solution,  which  may  be  used  as  a  liquid  medium 
1>r  may  be  employed  in  the  preparation  of  nutrient  gelatin  or  agar,  is 
prepared  aS  follows  :  Ten  grammes  of  jequirity  seeds  are  bruised  in 
a  mortar  and  the  shells  removed  ;  they  are  then  placed  in  one  hun- 
dred cubic  centimetres  of  water  and  cooked  for  two  hours  in  the  steam 
sterilizer ;  after  allowing  the  infusion  to  cool  it  is  filtered.  The  fil- 
tered liquid  has  a  pale-yellow  color  and  a  neutral  or  sUghtly  alkaline 
Teaction.  Certain  bacteria  grow  in  this  solution  without  producing 
any  change  in  its  color ;  others,  which  produce  an  acid  reaction, 
cause  it  to  be  decolorized ;  others,  which  produce  an  alkahne  reac- 
tion of  the  medium,  change  the  color  to  green. 

Cooked  Potato. — Schroter  first  used  cooked  potato  as  a  culture 
medium  for  certain  chromogenic  bacteria  (1872),  and  Koch  subse- 
quently called  attention  to  the  great  value  of  potato  cultures  for 
differentiating  species.  His  plan  of  preparing  potatoes  is  as  follows: 
Sound  potatoes  are  chosen  in  which  the  epidermis  is  intact.  These 
are  thoroughly  washed  and  scrubbed  with  a  brush  to  remove  all 
dirt.  The  "eyes"  and  any  bruised  or  discolored  spots  are  removed 
with  a  sharp-pointed  knife.  They  are  again  thoroughly  washed  in 
water,  and  are  then  placed  for  an  hour  in  a  bath  containing 
mercuric  chloride  in  the  proportion  of  1: 500,  to  thoroughly  disinfect 
the  surface.  They  are  then  placed  in  a  steam  sterilizer  for  about 
three-quarters  of  an  hour,  and  after  an  interval  of  twenty-four  hours 
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are  again  steamed  for  fifteen  minutes.  It  is  well  to  wrap  each 
potato  in  tissue  paper  before  placing  it  in  the  bichloride  bath,  and  to 
leave  it  in  this  protecting  envelope  until  it  is  placed  in  the  glass  dish 
in  which  it  is  preserved  from  contamination  by  atmospheric  germs 
after  being  inoculated  with  some  particular  microorganism.  Just 
before  such  inoculation  the  potato  is  cut  in  halves  with  a  sterilized 
(by  heat)  table  knife.  The  bacteria  to  be  cultivated  are  placed  upon 
the  cut  surface  and  the  potato  is  preserved  in  a  glass  dish  (Fig.  20). 
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A  more  convenient  method,  and  one  which  secures  the  potato  more 
effectually  from  atmospheric  organisms,  is  to  cut  a  cylinder,  about 
an  inch  in  diameter,  from  a  sound  potato,  by  means  of  a  tin  instru- 
ment resembling  a  cork  borer  or  apple  corer.  This  cylinder  is  cut 
obliquely  into  two  pieces  having  the  form  shown  in  Fig.  22,  and 
each  piece  is  placed  in  a  large  test  tube  having  a  cotton  air  filter,  in 
which  it  is  sterilized.  This  method,  first  employed  by  Bolton,  has 
been  sUghtly  modified  by  Roux,  who  recommends  that  a  receptacle 
for  catching  the  water  which  separates  during  the  sterilizing  process 
be  formed  by  making  a  constriction  around  the  test  tube  an  inch 
above  its  lower  extremity.     This  is  done  by  the  use  of  a  blowpipe. 
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The  cylinder  of  potato  rests  upon  the  constricted  portion  of  the  tube, 
as  shown  in  Fig.  21. 

Sometimes  a  potato  paste  is  employed.  The  potatoes  are  boiled 
for  an  hour  and  the  skins  removed,  after  which  they  are  mashed 
with  a  little  sterilized  water,  placed  in  suitable  plates,  and  sterihzed 
by  exposure  for  half  an  hour  on  thi-ee  successive  days  in  the  steam 
sterilizer.  Bread  paste  may  be  made  in  the  same  way,  and  is  a  very 
favorable  medium  for  the  growth  of  certain  bacteria  and  also  for  the 
conmion  moulds. 
4 
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VI. 
STERILIZATION   OF  CULTURE   MEDIA. 

A  MOST  important  part  of  bacteriological  technology  consists  in 
the  sterilization  of  the  various  culture  media  employed.  A  sterile 
medium  is  essential  for  maintaining  a  pure  culture,  and  we  can  only 
obtain  an  exact  knowledge  of  the  biological  characters  of  a  sj^ecies 
by  studying  its  growth  in  various  media,  its  physiological  reactions, 
its  pathogenic  power,  etc.,  independently  of  all  other  microorgan- 
isms— /.e.,  in  pure  cultures. 

We  may  sterilize  a  culture  medium  either  by  heat  or  by  filtration 
through  a  substance  which  does  not  permit  bacteria  to  pass.  The 
last -mentioned  method  is  useful  for  certain  special  purposes  ;  but,  in 
general,  sterilization  of  culture  media,  and  of  the  vessels  in  which 
the}"  are  preserved,  is  effected  by  heat. 

The  scientific  use  of  heat  as  an  agent  for  sterilizing  our  culture 
media  depends  upon  a  knowledge  of  the  thermal  death-point  of  the 
various  microorganisms  which  are  liable  to  be  present  in  them,  and 
upob  various  facts  relating  to  the  manner  in  which  heat  is  applied. 
All  this  has  been  determined  by  exj^eriment,  and  before  giving 
I)ractical  directions  for  sterilization  it  vrill  l>e  well  to  consider  the 
experimental  data  upon  which  our  methods  are  based. 

As  a  rule,  bacteria  which  do  not  fonn  spores  are  killed  at  a  com- 
paratively low  temperature.  Thus,  in  a  series  of  experiments  made 
by  the  writer  upon  the  thermal  death-point  of  various  pathogenic 
organisms,  the  pus  cocci  were  found  to  be  the  most  resistant,  and  all 
of  these  were  killed  by  exposure  for  ten  minutes  to  a  temperature 
of  02°  C.  (143. G°  F.).  There  are  several  si>ecies  of  bacteria  known, 
however,  which  not  only  are  not  killed  by  this  temperature,  but  are 
able  to  grow  and  multiply  at  a  temperature  of  Go""  to  70°  C.  (Miquel, 
Van  Tieghem,  Globig).  But  it  is  safe  to  say  that  exposure  to  a 
boiling  temperature  for  a  minute  or  two  ^^^ll  infallibly  destroy  all 
microorganisms  in  the  absence  of  spores,  iclien  they  are  in  a  moist 
condition  or  moist  heat  is  used — /.e.,  when  they  are  directly  ex- 
posed to  the  action  of  boiling  water  or  of  steam.  The  power  of  dry 
heat  to  destroy  microorganisms  in  a  desiccated  condition  is  a  differ- 
ent matter  and  will  require  special  consideration. 
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The  spores  of  bacilli  have  a  much  greater  resisting  power,  and 
the  Natality  of  some  of  these  reproductive  bodies,  from  known  spe- 
cies, is  not  destroyed  by  a  boiling  temperature  maintained  for  sev- 
eral hours.  Thus  Qlobig  found  that  the  spores  of  a  certain  bacillus 
from  the  soil — ^his  "  red  potato  bacillus  " — required  six  hours*  exposure 
to  streaming  steam  in  order  to  destroy  it.  Steam  under  pressure,  at 
a  temperature  of  115°  C,  killed  it  in  half  an  hour  ;  at  125°  C.  in  five 
minutes.  This  extreme  resisting  power  is  exceptional,  however, 
and  many  sjxjres  are  destroyed  in  a  few  minutes  by  the  boiling  tem- 
perature of  water. 

In  practice  we  assume  that  some  of  the  more  resistant  spores, 
which  are  frequently  present  in  the  atmosphere,  may  have  fallen 
into  our  culture  material,  and  to  insure  its  sterilization  we  subject  it 
to  a  temperature  which  can  be  depended  upon  to  destroy  these  ;  or 
we  resort  to  the  method  of  discontinuous  heating.  This  method 
was  first  employed  by  Tyndall  (1877),  and  is  now  in  general  use  in 
the  bacteriological  laboratories  of  Germany,  having  been  adopted  by 
Koch  and  his  pupils ;  while  in  France  a  single  sterilization  by  means 
of  steam  under  pressure,  securing  a  higher  temperature,  is  still  the 
favorite  method  with  many. 

In  the  method  by  discontinuous  heating  we  subject  the  culture 
material  for  a  short  time  to  the  temperature  of  boiling  water,  thus 
destroying  all  bacteria  in  the  vegetative  stage.  After  an  interval, 
usually  of  twenty-four  hours,  we  repeat  the  operation  for  the  pur- 
pose of  destroying  those  which  in  the  meantime  have  developed 
from  spores  which  may  have  been  present.  Again  the  material  is 
put  aside,  and  after  twenty-four  hours  it  is  again  heated  to  the 
Iwiling  point.  This  is  usually  repeated  from  three  to  five  times. 
The  object  in  \\e\y  is  to  kill  the  growing  bacteria  which  are  de- 
veloped from  spores  which  were  present ;  and,  as  a  matter  of  expe- 
rience, we  find  that  this  method  of  sterilization  is  more  reliable  than 
a  single  prolonged  boiling,  unless  this  be  effected  at  a  higher  tem- 
perature than  that  of  boiling  water  at  the  ordinary  pressure  of  the 
atmosphere.  Discontinuous  heating  is  especially  useful  for  the  sterili- 
zation of  liquids  which  would  be  injured  by  prolonged  boiUng — as  is 
the  case  with  solutions  of  gelatin — or  which  are  coagulated  by  the 
boiling  temperature.  By  means  of  a  water  bath,  the  temperature 
of  which  is  regulated  automatically,  we  may  conduct  the  operation 
at  any  desired  degree.  Thus  in  sterilizing  blood  serum  we  use  a 
temperature  a  little  below  that  at  which  coagulation  occurs  (about 
70°  C). 

Test  tubes,  flasks,  and  apparatus  of  various  kinds  are  commonly 
sterilized  by  dry  heat  in  a  hot-air  oi)en.  This  is  usually  made  of 
sheet  iron,  with  double  walls,  and  shelves  for  supporting  the  articles 
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to  be  sterilized.  The  form  shown  in  Fig.  23  is  commonly  used  in 
bacteriological  laboratories. 

It  must  be  remembered  that  a  much  higher  temperature  is  re- 
quired for  the  destruction  of  microorganisms  when  dry  heat  is  em- 
ployed than  is  the  case  with  moist  heat.  The  experiments  of  Koch 
and  Wolffhiigel  (1881)  show  that  a  temperature  of  120°  to  128°  C. 
(248°  to  262°  F.)  is  required  to  destroy  the  spores  of  mould  fungi,  and 
micrococci  or  bacilli  in  the  absence  of  spores.  For  the  spores  of  ba- 
cilli a  temperature  of  140"  C.  (284°  F.),  maintained  for  three  hours, 
was  required. 

In  practice  we  usually  maintain  a  temperature  of  about  150°  C^ 


Fio.88. 

(302°  F.)  for  an  hour  or  more;  and  it  is  customary  to  sterilize  all 
test  tubes  and  flasks,  which  are  to  be  used  as  receptacles  for  culture 
media,  in  the  hot-air  sterilizer.  This  procedure  could  no  doubt,  how- 
ever, be  dispensed  with  in  many  cases  and*  reliance  be  placed  upon 
the  sterilization  of  the  flask,  together  with  its  contents,  in  the  steam 
sterilizer,  especially  with  such  culture  media  as  are  not  injured  by 
long  exposure  to  a  boiling  temperature — e.  g. ,  bouillon  and  agar-agar. 
When  we  propose  to  cultivate  aerobic  bacteria,  or  such  as  require 
oxygen  for  their  development,  a  cotton  air  filter  is  placed  in  the 
mouth  of  each  test  tube  and  flask  before  it  is  sterilized  in  the  hot-air 
oven.  This  is  a  loose  plug  of  cotton,  pushed  into  the  neck  of  the 
flask  for  an  inch  or  more,  and  projecting  from  its  mouth  for  a  short 
distance.     These  cotton  filters  should  fill  the  tube  completely  and 
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unifonnly,  but  should  not  be  packed  so  closely  that  there  is  diflSculty 
is  removing  them. 

Steajn  Sterilizers. — Steam  at  the  ordinary  pressure  of  the  atmo- 
sphere has  the  same  temperature  as  boiling  water,  and  in  practice  is 
preferable  to  a  water  bath  for  several  reasons.  The  form  of  steam 
sterilizer  adopted  by  Koch,  after  extensive  experiments  made  in  col- 
laboration with  Loffler  and  Gaffky,  is  now  generally  used  in  bacte- 
riological laboratories.  This  is  shown  in  Fig.  24.  It  consists  of  a 
cylindrical  vessel  of  zinc  which  is  covered  with  a  jacket  of  felt. 
The  cover,  also  covered  with  non-conducting  material,  has  an  aper- 
ture at  the  top  for  the  escape  of  steam.  A  glass  tube,  which  is  in 
communication  with  the  interior  of  the  vessel,  serves  to  show  the 
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height  of  the  water  when  the  apparatus  is  in  use.  The  bottom  of 
the  cylindrical  vessel  should  be  of  copper.  A  Bunsen  burner  having 
three  jets  will  commonly  be  required  to  keep  the  water  in  ebullition 
and  the  upper  part  of  the  steam  sterilizer  filled  with  **Uve  steam," 
which  should  escape  freely  from  the  aperture  in  the  cover  to  insure 
a  temperature  of  100°  C.  in  the  steam  chamber.  A  perforated  zinc 
or  copper  shelf  in  the  interior  of  the  cylinder  serves  to  support  the 
flasks,  etc.,  which  are  to  be  sterilized.  Usually  they  are  lowered 
into  the  cylinder  in  a  light  wire  basket,  or  tin  pail  with  perforated 
bottom,  of  proper  diameter  to  slip  easily  into  the  sterilizer. 

Fig.  25  is  a  sectional  view  of  this  sterilizer. 

The  steam  sterilizer  shown  in  Fig.  :^G  '  is  an  American  invention, 

'  The  Araold  steam  sterilizer,  manufactured  at  Rochester,  N.  Y. 
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which  answers  the  purpose  admirably,  and  which  has  the  advantage 
of  getting  up  steam  very  quickly  and  also  of  using  comparatively 

little  gas. 

The  use  of  steam  under  pressure,  by  which  higher  temperatures 
are  obtained,  requires  a  more  expensive  apparatus,  made  on  the 
principle  of  Papin's  digester.  The  form  manufactured  by  Miincke 
is  one  of  the  best.  This  is  shown  in  Fig.  27.  It  is  provided  with  a 
pressure  gausre  and  a  safety  v^alve.  A  single  sterilization  in  this  ap- 
paratus, at  a'" temperature  of  115°  C,  for  half  an  hour,  will  usually 
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suflSce,  and  for  Hquid  culture  media  or  for  agar-agar  this  method  is 
entirely  satisfactory  ;  but  a  gelatin  medium  which  is  exposed  to  this 
temperature  loses  its  property  of  forming  a  jelly  at  20°  to  22°  C,  and 
consequently  its  value  as  a  solid  culture  medium.  In  practice  the 
simpler  fonn  of  apparatus  in  which  streaming  steam  is  used  will  be 
found  to  answer  every  requirement.  To  insure  sterilization  ^vith 
this  it  is  customary  to  resort  to  discontinuous  heating,  as  heretofore 
described.  The  standard  flesh-peptone-gelatin  medium  should,  as 
a  rule,  be  subjected  to  a  temperature  of  100°  C.  for  ten  minutes,  at 
intervals  of  twenty-four  hours,  four  days  in  succession.  Bouillon, 
flesh  infusions,  and  agar-agar  jelly  may  be  steamed  for  an  hour  at  a 
time  two  or  three  days  in  succession. 
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It  is  always  advisable  to  test  the  sterilization  of  culture  material 
before  making  use  of  it.  This  is  done  by  placing  it  for  a  few  days 
in  an  incubating  oven  at  30°  to  35°  C.  If  a  considerable  quantity  of 
material  in  test  tubes  has  been  prepared  at  one  time,  it  wiU  be  suffi- 
cient to  put  a  few  tubes  in  the  incubating  oven  to  test  sterilization. 

Failure  to  make  this  test  often  leads  to  serious  complications  in 
experimental  investigi«tions.  A  laboratory  sometimes  becomes  in- 
fected with  resistant  spores,  which  are  not  all  destroyed  by  the  usual 
methods  of  sterilization,  and  these  may  not  develop  until  some  time 
has  elapsed  after  the  supposed  sterilization. 

Sferilization  of  Blood  Serum. — Blood  serum  which  has  been 
collected   in   tost  tubes  or  small  flasks,   as    heretofore  directed,   is 


Fig.  88. 

sterilized  in  a  water  bath  at  GO^  C.  (140°  F.)  by  the  method  of  dis- 
continuous heating.  It  is  usually  left  in  the  hot- water  bath  for 
about  an  hour,  and  this  is  repeated,  at  intervals  of  twenty-four  hours, 
for  five  to  seven  days.  This  rather  tedious  process  may  be  avoided 
by  collecting  the  serum  in  the  first  instance  with  proper  precautions 
to  prevent  it  from  becoming  contaminated  with  atmospheric  organ- 
isms. A  special  apparatus  was  de\4sed  by  Koch  for  sterilizing  blood 
serum,  but  an  improvised  hot-water  bath  which  is  regulated  to  a 
temperature  of  GO^  C.  by  an  automatic  thenno-regulator  vvill  answer 
the  purpose.  After  being  sterilized  the  serum  is  solidified  by  careful 
exposure  to  a  temperature  of  about  08^  C,  which  causes  it  to  co- 
agulate, forming  a  transparent,  jelly -Hke  mass.  When  coagulated 
at  a  higher  temperature  it  becomes  opacjue.  The  time  required  for 
this  operation  varies  from  half  an  hour  to  an  hour,  and  it  is  best  to 
remove  the  tubes  from  the  receptacle  in  which  they  are  exposed  to 
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heat  as  soon  as  the  serum  is  solidified.  Koch's  apparatus  for  coagu- 
lating blood  serum  is  shown  in  Fig.  28.  It  is  customary  to  place  the 
test  tubes  in  an  oblique  position,  so  that  a  large  surface  may  be  ex- 
posed upon  which  to  cultivate  the  tubercle  bacillus  or  whatever 
microorganism  may  be  under  investigation.  A  form  of  apparatus 
designed  for  both  sterilizing  and  coagulating  blood  sermn  is  shown 
in  Fig.  29.  It  is  manufactured  by  Miincke  in  accordance  with  the 
directions  of  Hueppe,  and  special  precautions  have  been  taken  to  se- 
cure a  uniform  temperature  in  all  parts  of  the  air  chamber.     We 
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may  remark  that  since  it  has  been  shown  by  Roux  and  Nocard  that 
the  tubercle  bacillus  grows  very  well  in  agar-agar  jelly  to  which 
five  per  cent  of  glycerin  has  been  added,  blood  serum  is  not  so 
largely  used  as  a  culture  medium  in  bacteriological  laboratories. 

Sterilization  by  Filtration,— T!\ns>  method  is  especially  useful 
for  separating  the  soluble  substances  contained  in  a  liquid  culture  of 
bacteria  from  the  living  cells.  It  has  been  demonstrated  that  several 
of  the  most  important  pathogenic  bacteria  produce  toxic  substances 
during  their  growth  which  may  cause  the  death  of  susceptible  ani- 
mals independently  of  the  living  bacteria;  and  this  demonstration 
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has  been  made  either  by  sterilizing  a  pure  culture  by  means  of  heat, 
or  by  separating  the  bacteria  from  the  culture  liquid  by  filtration. 
Some  of  these  toxic  products  of  bacterial  growth  are  destroyed  by  a 
comparatively  low  temperature ;  the  method  of  sterilization  by  fil- 
tration is  therefore  verj'  imjx)rtant  in  researches  relating  to  the 
composition  and  pathogenic  power  of  these  soluble  products.  Pas- 
teur, in  his  earlier  experiments,  used  plaster  of  Paris  as  a  filter,  and 
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subsequently  resorted  to  the  use  of  unglazed  porcelain,  through 
which  a  liquid  may  be  forced  by  pressure,  but  which  does  not  per- 
mit of  the  passage  of  suspended  particles,  however  small. 

As  the  porcelain  filter  is  the  most  reliable  and  convenient  for 
accomplishing  the  object  in  view,  we  shall  not  describe  other  methods 
of  filtration  which  have  been  proposed  and  successfully  used.  The 
porcelain  used  is  a  very  fine  paste,  manufactured  at  Sevres,  which  is 
moulded  into  cyUnders  (bougies)  of  the  form  proposed  by  Chamber- 
lain and  haked  at  a  high  temperature. 
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In  Fig.  30  the  Pasteur-Chamberlain  filter  is  shown  as  arranged 
for  the  filtration  of  water.  A  is  the  hollow  porcelain  cylinder,  which 
is  enclosed  in  a  metal  case,  D.  The  metal  cai»e  is  tightly  clamped 
against  a  projecting  shoulder  at  the  lower  pai-t  of  the  porcelain  filter, 
a  ring  of  rubber  being  interposed  to  secure  a  tight  joint.  When 
water  under  pressure  is  admitted  to  the  space  E,  between  the  cylin- 
der of  porcelain  and  the  metal  case,  it  slowly  filters  through,  and, 
running  down  the  inner  wall  of  tlie  filter,  escapes  at  B  into  a  recep- 
tacle placed  to  receive  it.  If  we  fill  the  space  E  with  a  Kquid  cul- 
ture of  bacteria  and  apply  sufficient  pressure  (one  or  two  atmo- 
spheres), a  clear  filtrate  is  obtained  which  is  entirely  sterile  if  the 
porcelain  filter  is  sound  and  made  of  proper  material.     After  the 
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filter  has  been  in  use  for  some  time,  however,  it  may  permit  the  pas- 
sage of  bacteria,  and  it  will  be  necessary  to  subject  it  to  a  high  tem- 
perature for  the  purpose  of  destroying  all  organic  matter  contained 
in  the  porous  porcelain. 

We  may  use  the  Chamberlain  filter  without  a  metal  case  by  im- 
mersing it  in  a  cylindrical  glass  vessel  containing  the  liquid  to  be  fil- 
tered, as  shown  in  Fig.  31.  The  porcelain  cylinder  is  connected  with 
an  aspirator  bottle,  a,  and  a  small  Erlenmeyer  flask,  6,  is  interposed 
to  catch  the  filtrate  when  it  overflows  from  the  interior  of  the  filter. 
Of  course  all  the  necessar}'-  precautions  must  be  taken  with  reference 
to  the  steriUzation  of  the  interior  of  the  bougie,  of  the  flask  6,  and  of 
the  rubber  tube  connecting  the  two. 

Another  arrangement  of  the  Pasteur- Chamberlain  filter  for  labora- 
tory purposes  is  shown  in  Fig.  32.     In  this  form  of  apparatus  a 
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receptacle,  R,  is  provided  for  the  liquid  to  be  filtered,  and  a  pump  for 
compressing  air  is  attached  to  it  by  a  rubber  tube.  Instead  of  this 
pump,  water  pressure  may  be  used  indirectly  by  attaching  a  strong 
bottle  to  the  water  supply  and  allowing  it  to  fill  slowly  with  water, 
and  at  the  same  time  to  force  out  the  air  through  a  tube  connected 
with  the  filtering  apparatus.  For  this  purpose  the  bottle,  having  a 
capa<*ity  of  a  quart  or  more,  should  be  provided  ^vith  a  rubber  stop- 
per through  which  two  short  tubes  are  passed.  One  of  these  is  con- 
nected with  the  water  supply  and  the  other  with  the  filter.  Of 
course  this  is  only  practicable  when  a  water  supply  ^vith  sufficient 
pressure  is  available. 
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As  a  rule,  filtration  cannot  be  substituted  with  advantage  for  ster- 
ilization by  heat  in  the  preparation  of  culture  media.  Albuminous 
liquids  pass  through  the  filter  with  difficulty,  and  the  process  of 
sterilization  by  discontinued  heating  will  usually  prove  more  satis- 
factory than  filtration,  which  requires  extreme  precautions  to  pre- 
vent accidental  contamination  of  the  filtered  liquid.  Moreover,  the 
filter  may  change  the  composition  of  the  medium  passed  through  it 
bv  preventing  the  passage  of  colloid  and  albuminous  material  in  so- 
lution. Thus,  in  an  attempt  to  separate  blood  corpuscles  from  the 
serum  by  filtration  through  a  Chamberlain  filter,  the  writer  obtained 
a  transparent  liquid  which  did  not  coagulate  by  heat — i.e.,  the  albu- 
minous constituents  of  the  serum  did  not  pass  through  the  filter. 
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CULTURES  IN  LIQUID  MEDIA. 

PRiOii  to  the  introduction  of  gelatinous  media  by  Koch  in  1881, 
cultures  were  made  in  various  organic  liquids,  and  these  are  still 
largely  used,  being  for  certain  purposes  preferable  to  solid  media. 
The  method  of  preparing  and  sterilizing  the  flesh  infusions  and 
other  organic  Uquids  commonly  used  has  already  been  given.  We 
are  here  concerned  with  the  various  modes  of  using  these  nutritive 
liquids  in  cultivating  bacteria. 

Flasks  and  tubes  of  various  forms  have  been  emploj^ed  by  differ- 
ent investigators,  but  the  most  useful  receptacle  for  liquid  as  well  as 
for  solid  culture  media  is  the  ordinary  test  tube.  These  are  care- 
fully cleaned,  plugged  with  a  cotton  air  filter,  sterilized  in  the  hot-air 
oven  at  150°  C,  and  are  then  ready  to  receive  the  filtered  liquid. 
Usually  the  tube  should  not  be  filled  to  more  than  one-third  to  one- 
half  of  its  capacity.  Sterilization  of  the  culture  liquid  is  then  effected 
by  placing  the  tubes  in  the  steam  sterilizer  for  half  an  hour  on  three 
successive  days.  Before  using,  the  tubes  should  be  placed  for  a  few 
days  in  an  incubating  oven  at  30°  to  35°  C.  to  test  the  steriUzation. 
This  is  especially  important  ^vith  liquid  media,  for  if  a  single  li\4ng 
spk)re  is  present  it  may  give  rise  to  an  abundant  progeny,  which  will 
be  distributed  through  the  liquid  in  association  with  the  species 
which  has  been  planted.  In  solid  cultures,  on  the  contrary,  such  a 
spore  would  give  rise  to  a  colony,  which  by  its  locality  and  characters 
of  growth  would  probably  be  recognized  as  different  from  the  species 
planted,  and  consequently  accidental.  This  is  the  great  danger  in 
the  use  of  liquid  media  ;  imperfect  sterilization,  or  accidental  contami- 
nation by  atmospheric  germs,  may  lead  the  inexperienced  student 
into  serious  errors  resulting  from  the  assumption  that  the  micro- 
organisms present  in  his  cultures  are  all  derived  from  the  seed  he 
planted. 

On  the  other  hand,  liquid  media  are  more  convenient  than  solid 
when  it  is  the  intention  to  isolate  by  filtration  the  soluble  products  of 
bacterial  gro\vth;  for  injection  into  animals  to  test  pathogenic  power: 
for  experiments  on  the  germicidal  or  antiseptic  power  of  chemical 
agents,  etc. 
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For  larger  quantities  of  liquid  than  can  be  held  in  an  ordinary- 
test  tube  the  small  flasks  with  a  flat  bottom,  known  as  Erlenmeyer 
flasks,  are  very  convenient  (Fig.  33). 

In  his  earlier  researches  Pasteur  used  flasks  and  tubes  of  various 
forms,  which  served  a  useful  purpose,  but  have  been  displaced  in  his 
laboratory  by  the  simpler  form  of  apparatus  shown  in  Fig.  34. 
This  is  a  little  flask  having  a  cover  which  is  ground  to  fit  the  neck. 
This  cover  is  drawn  out  above  into  a  narrow  tube  which  admits 
oxygen  to  the  flask  through  a  cotton  air  filter.  To  obtain  access 
to  the  interior  of  the  flask  for  the  purpose  of  introducing  bacteria 
to  start  a  culture,  or  to  obtain  material  for  microscopical  examina- 
tion, the  cover  is  detached  at  the  ground  joint  by  a  gentle  twisting 
motion. 

There  is  much  less  danger  that  a  sterile  culture  liquid  will  become 
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contaminated  during  the  momentary  removal  of  the  cover  from 
one  of  these  little  flasks,  or  of  the  cotton  plug  from  a  test  tube,  than 
is  usually  supposed.  Abundant  laboratory  experience  demonstrates 
that  such  contamination  by  bacteria  floating  in  the  atmosphere  rarely 
occurs.  The  spores  of  mould  fungi  are  commonly  more  abundant 
in  the  air,  but  even  these  do  not  very  frequently  fall  into  the  culture 
liquid  when  the  tube  is  opened  to  inoculate  it  with  the  bacteria  it  is 
proposed  to  cultivate.  This  inoculation  is  best  made  with  a  platinum 
wire,  bent  into  a  loop  at  the  free  extremity,  and  sealed  fast  into  the 
end  of  a  glass  rod  (Fig.  35).  This  is  sterilized  in  the  flame  of  a 
Bunsen  burner  or  alcohol  lamp  by  bringing  the  platinum  wire  to  a 
red  heat  and  passing  the  end  of  the  glass  rod  which  carries  it 
through  the  flame  several  times.  With  this  instrument  we  may 
transfer  a  little  drop  from  a  culture  to  the  sterile  fluid  in  another 
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tul)e  for  the  purpose  of  starting  a  new  culture.  Or  we  may  start  a 
pure  culture  from  a  drop  of  blood  taken  from  the  veins  of  an  animal 
ivhich  has  been  inoculated  with  anthrax,  or  any  similar  infectious 
disease  in  which  the  bl(H>d  is  invaded  by  a  bacterial  parasite. 

But  if  we  have  not  a  pure  culture  to  start  >\4th  our  liquid  media 
do  not  afford  us  the  means  of  obtaining  one ;  and  if  two  or  more 
bacteria  which  resemble  each  other  in  their  morphology  are  associated 
in  such  a  culture  we  cannot  differentiate  them,  and  are  likely  to  infer 
that  we  have  a  pure  culture  of  a  single  microorganism  when  this  is 
not  really  the  case. 

But  if  we  have  pure  stock  to  start  \^ith  we  may  maintain  pure 
cultures  in  liquid  media  \\4thout  any  special  difficulty. 

Various  characters  of  growth,  etc.,  are  to  be  observed  in  culti- 
vating different  microorganisms  in  licjuid  media.  Thus  some  grow 
at  the  surfa<?e  in  the  form  of  a  thin  film  or  membranous  layer — '*  my- 
coderma '' — ^while  others  are  distributed  uniformly  through  the  liquid, 
rendering  it  opalescent  or  more  or  less  milky  and  opaque  ;  others, 
again,   form  little  flocculi  Avhich  are  sasi>ended  in  the  transparent 
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fluid.  Usually,  when  active  growth  has  ceased,  the  bacteria  fall  to 
the  bottom  of  the  tube  as  a  more  or  less  abundant,  white  or  colored, 
pulverulent  or  glutinous  deposit.  In  some  cases  the  liquid  is  colored 
\ni]i  a  soluble  pigment  formed  during  the  gro\vth  of  the  bacteria, 
and  usually  this  is  formed  most  abundantly  at  the  surface,  where 
there  is  free  access  of  oxygen.  The  reaction  of  the  medium  is  often 
changed  as  a  result  of  the  growth  of  bacteria  in  it.  From  being  neu- 
tral it  may  l>ecome  decidedly  alkaline  or  acid  in  its  i-eaction.  These 
changes  may  be  observed  by  adding  a  litmus  solution  before  sterili- 
zation of  the  culture  medium,  and  obserWng  the  change  of  color 
when  an  acid-producing  bacterium  is  under  cultivation.  The  re- 
ducing power  of  bacteria  upon  various  aniUne  colors  may  also  be 
studied  :  also  their  power  to  break  up  various  organic  substances,  as 
sho\vn  by  the  evolution  of  gas  or  other  volatile  products  which 
may  be  collected,  or  by  substances  which  remain  in  solution  and 
can  be  studied  by  ordinary  chemical  methods. 

Drop  Cultures. — When  we  desire  to  study  the  life  history  of  a 
microorganism  and  to  witness  its  development  from  spores,  for  ex- 
ample, its  motions,  etc.,  the  method  of  cultivation  in  a  hanging  drop 
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of  culture  fluid,  attached  to  a  thin  glass  cover  and  suspended  over  a 
circular  excavation  ground  out  of  a  glass  slide,  is  very  useful. 
Such  a  drop  culture  may  be  left  under  the  microscope  and  kept 
under  observation  for  hours  or  days. 

In  making  these  drop  cultures  it  is  necessary  to  sterilize  the  glass 
slides  and  thin  glass  covers  by  heat,  and  to  take  every  precaution  to 
prevent  the  inoculation  of  the  drop  of  culture  liquid  wth  any  other 
l>acteria  than  those  which  are  to  be  studied. 

The  simplest  form  of  moist  chamber  for  drop  cultures  consists  of 
an  ordinary-  glass  slide  having  a  concave  depression,  about  fifteen 
millimetres  in  diameter,  ground  out  in  its  centre.  This  and  the  thin 
glass  cover,  ha\'ing  been  sterilized  by  exposure  in  the  hot-air  oven  at 
150*'  C.  for  an  hour  or  more,  or  by  passing  them  through  the  flame 
of  an  alcohol  lamp,  are  ready  for  use.  The  cover  glass  is  held  in 
sterile  forceps,  and  a  little  drop  of  the  culture  fluid  containing  the 
bacterium  to  be  studied  is  transferred  to  its  centre  by  means  of  the 
platinum  loop  heretofore  described.  It  is  best  to  spread  the  drop 
out  as  thin  as  possible,  and  it  may  be  inoculated,  from  a  pure  cul- 
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ture,  with  a  platinum  needle  (Fig.  3G)  after  it  has  been  placed  upon 
the  cover.  This  is  then  inverted  over  the  hollow  place  in  the  glass 
slide,  and  it  is  customary  to  prevent  the  entrance  of  air  and  attach 
the  cover  by  spreading  a  little  vaseline  around  the  margin  of  the 
excavation. 

Another  form  of  moist  chamber  is  made  by  attaching  a  glass 
ring,  having  parallel,  ground  surfaces,  to  the  centre  of  a  glass  slide 
by  a  suitable  cement. 

In  Ran\'ier'8  moist  chamber  there  is  a  central  eminence  sur- 
rounded by  a  groove  ground  into  the  glass  slide,  and  the  drop  of 
culture  fluid  is  in  contact  with  a  polished  glass  surface  below  as  well 
as  above.  This  affords  a  more  satisfactory  view  under  the  micro- 
scope. 

The  Author's  Culture  Method, — In  a  paper  read  at  the  meeting 
of  the  American  Association  for  the  Advancement  of  Science,  in 
August,  1881,  the  writer  described  a  method  of  conducting  culture 
experiments  which  he  has  since  used  extensivel}'  and  with  very  satis- 
factory results.  The  liquid  culture  medium  is  preserved  in  little  flasks 
lia\nng  a  long  neck  which  is  hermetically  sealed.  The  principal  ad- 
vantages connected  with  the  use  of  these  little  flasks,  or  "  Stem- 
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berg's  bulbs/'  as  they  are  sometimes  called,  are  that  a  culture  me- 
dium may  be  preserved  in  them  indefinitely  and  that  they  are  easily 
transported  from  place  to  place;  whereas  test  tubes,  Pasteur's  flasks, 
and  similar  receptacles  must  be  kept  upright,  and  after  a  time  the 
culture  liquid  in  them  is  changed  in  its  composition  by  evaporation. 
They  are  also  liable  to  be  contaminated  by  the  entrance  of  mould 
fungi  when  kept  in  a  damp  place.  The  spores  of  these  fungi,  falUng 
upon  the  surface  of  the  cotton  air  filter,  germinate,  and  the  myce- 
limn  grows  down  through  the  cotton  into  the  interior  of  the  tube, 
where  a  new  crop  of  spores  is  quickly  formed.  It  is,  therefore,  a 
convenience  to  have  sterile  culture  Uquids  always  ready  for  use  in 
a  receptacle  which  can  be  packed  in  a  box  and  transported  from 
place  to  place ;  but  for  every-day  use  in  the  laboratory  the  ordinary 
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test  tube,  with  its  cotton  air  filter,  is  the  most  economical  and  conve- 
nient receptacle  for  culture  liquids  as  well  as  for  solid  media.  With 
reference  to  the  method  of  making  and  using  these  little  flasks,  I 
quote  from  a  paper  published  in  the  American  Journal  of  the 
Medical  Sciences  in  1883  :* 

The  culture  flasks  employed  contain  from  one  to  four  fluidracbms. 
They  are  made  from  glass  tubmg  of  three-  or  four- tenths  inch  diameter,  and 
those  which  the  writer  has  used  in  his  numerous  experiments  have  all  been 
'*  home-made."  It  is  easier  to  make  new  flasks  than  to  clean  old  ones,  and 
they  are  thrown  away  after  being  once  used.  Bellows  operated  by  foot,  and 
a  flame  of  considerable  size — gas  is  preferable — will  be  i^uired  by  one  who 
proposes  to  construct  these  little  flasks  for  himself.'  After  a  little  practice 
they  are  made  rapidly;  but  as  a  large  number  are  required,  the  time  and 
labor  expended  in  their  preparation  are  no  slight  matter.  After  blowing  a 
bulb  at  the  extremity  of  a  long  glass  tube,  of  the  diameter  mentioned,  this 
is  provided  with  a  slender  neck,  drawn  out  in  the  flame,  and  the  end  of  this 

'  **  The  Qermicide  Value  of  Certain  Therapeutic  Agents,"  op.  cit.,  vol.  clxx. 
*  A  glass-blower  ought  to  make  them  for  two  or  three  dollars  per  hundred. 
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is  hermetically  sealed.  Thus  one  little  flask  after  another  is  made  from  the 
same  piece  of  tubing  until  this  becomes  too  short  for  further  use.  To  intro- 
duce a  culture  liquid  into  one  of  these  little  flasks,  heat  the  bulb  slightly, 
break  otf  the  sealed  extremity  of  the  tube  and  plunge  it  beneath  the  surface 
of  the  liquid  (Fig.  37).  The  quantity  which  enters  will  of  course  depend 
upon  tlie  heat  emploved  and  the  consequent  rarefaction  of  the  enclosed  air. 
Ordinarily  the  bulb  is  filled  to  about  one-third  of  its  capacity  with  the  cul- 
ture liquid,  leaving  it  two  thirds  full  of  air  for  the  use  of  the  microscopic 
plants  which  are  to  be  cultivated  in  it.  .  .  .  Sterilization  is  effected  by  heat 
after  the  liquid  has  been  introduced  and  the  neck  of  the  flask  hermetically 
sealed  in  the  flame  of  an  alcohol  lamp. 

Sterilization  may  be  effected  by  boiling  for  an  hour  in  a  bath  of  paraflin 
or  of  concentrated  salt  solution,  by  which  a  tempjerature  considerably  above 
that  of  boiling  water  is  secured.  The  writer  is  in  the  habit  of  preparing  a 
considerable  number  of  these  flasks  at  one  time,  and  leaving  them,  in  a  suit- 
able vessel  filled  with  water,  for  twenty- four  hours  or  longer  on  the  kitchen 
stove.* 

To  inoculate  the  liquid  contained  in  one  of  these  little  flasks  with  mi- 
croorganisms from  any  source,  the  end  of  the  tube  is  flrst  heated  to  destrov 
germs  attached  to  the  exterior ;  the  extremity  is  then  broken  off  with  steril- 
ized (by  heat)  forceps;  the  bulb  is  verj  gently  heated,  so  as  to  force  out  a 
httle  air,  and  the  ot^n  end  is  plunged  into  the  liquid  containing  the  organ- 
ism to  be  cultivated  (or  into  a  vein,  or  one  of  the  solid  viscera  of  an  animal 
dead  from  an  infectious  germ  disease,  such  as  anthrax). 

Inoculation  from  one  tube  to  another  may  also  be  effected  by  means  of 
the  ordinary  platinum  wire  needle. 

Before  the  introduction  of  Koch's  plate  method  for  isolating  bac- 
teria in  pure  cultures,  certain  methods  had  been  proposed,  and  em- 
ployed to  some  extent,  which  at  present  have  a  historical  value  only. 

Thus  Elebs  (1873)  proposed  to  take  from  a  first  culture  in  which 
two  or  more  species  were  associated  a  minute  quantity,  by  means  of  a 
capillary  tube,  and  with  this  to  inoculate  a  second  culture.  By  re- 
peating this  procedure  several  times  he  expected  to  exclude  all  except 
the  species  which  was  present  in  the  greatest  abundance  and  which 
maltipLied  most  rapidly  in  the  medium  employed. 

The  method  by  dilution,  first  employed  with  precision  by  Brefeld 
(1872)  in  obtaining  pure  cultures  of  mould  fungi,  and  subsequently 
by  Lister  for  the  isolation  of  bacteria,  consists  in  so  diluting  a  minute 
quantity  of  the  mixed  culture  that  the  number  of  bacteria  in  the  dilu- 
tion may  be  less  than  one  for  each  drop  of  the  liquid.  If  now  a 
single  drop  be  added  to  each  of  a  series  of  tubes  containing  a  small 
quantity  of  sterile  bouillon,  some  of  the  inoculations  made  may  give 
a  pure  culture,  as  the  drop  may  have  contained  but  a  single  vege- 
tative cell. 

Another  method  of  obtaining  a  pure  culture  in  Uquid  media,  when 
several  microorganisms  are  associated  which  have  a  different  ther- 

'  Where  a  steam  sterilizer  is  at  hand  they  will  be  most  conveniently  sterilized  in 
the  usual  way,  by  subjecting  them  to  the  boiling  temperature  for  an  hour  at  a  time 
on  three  successive  days. 
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mal  death-point,  consists  in  the  application  of  heat  and  thus  destroy- 
ing all  except  the  most  resistant  species.  This  method  io  especially 
applicable  when  one  of  the  species,  only,  forms  spores.  By  subject- 
ing the  mixed  culture  to  a  temperature  wliich  is  sufficient  to  destroy 
all  the  vegetative  cells  in  it,  the  more  resistant  spores  are  left  and, 
under  favorable  conditions,  may  subsequently  vegetate  and  give  us 
a  pure  culture  of  the  species  to  which  they  belong. 
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CULTURES  IN  SOLID  MEDIA. 


The  introduction  of  solid  culture  media  in  1881  by  the  famous 
German  bacteriologist,  Robert  Koch,  inaugurated  a  new  era  in  the 
progress  of  our  knowledge  relating  to  the  bacteria.  His  methods 
enable  us  to  obtain  pure  cultures  with  ease  and  certainty,  and  to 
study  the  morphological  and  biological  characters  of  each  species 
free  from  the  complications  which  led  to  so  much  error  and  confusion 
before  these  methods  were  introduced.  We  have  already  given  an 
account  of  the  method  of  preparing  and  sterilizing  the  various  soUd 
cidture  media,  and  are  here  concerned  with  the  manner 
in  which  they  are  used  and  the  special  advantages  which 
they  afford. 

Koch's  flesh-peptone-gelatin,  which  contains  ten  per 
cent  of  gelatin,  is  a  transparent  jelly  which  liquefies  at 
from  '^2°  to  2^'^  C.  It  is  a  favorable  culture  medium  for 
a  great  number  of  bacteria,  and  many  species  show  de- 
finite characters  of  growth  in  this  medium  which  serve  to 
differentiate  them.  One  of  the  most  prominent  of  these 
characters  depends  upon  the  fact  that  some  bacteria  liquefy 
gelatin  and  others  do  not.  This  is  made  apparent  when 
we  make  stick  cultures — also  called  ''stab  cultures." 
This  is  the  usual  manner  of  inoculating  a  solid  culture 
medium,  and  is  illustrated  in  Fig.  38.  A  platinum  needle, 
consisting  of  a  piece  of  platinum  wire  inserted  into  a  glass 
rod  which  serves  as  a  handle,  is  passed  through  the  flame 
of  an  alcohol  lamp  to  sterilize  it.  When  cooled,  which 
occurs  very  quickly,  the  point  is  introduced  into  the  ma- 
terial containing  the  bacteria  to  be  planted  in  the  gelatin 
medium.  We  may  obtain  our  seed  for  a  pure  culture 
from  a  single  colony,  from  another  stick  culture,  from  the 
blood  of  an  infected  animal,  etc.  The  point  of  the  needle  is  then 
carried  into  the  sterilized  jelly,  as  shown  in  the  figure,  care  being 
taken  to  introduce  it  in  the  central  line  and  in  a  direction  parallel 
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with  the  sides  of  the  tube.  It  is  best  always  to  hold  the  tube  in- 
verted during  the  inoculation,  and  not  to  remove  the  cotton  air  filter 
until  we  are  ready  to  make  it.  The  cotton  plug  is  then  returned  to 
its  place  and  the  platinum  needle  again  brought  to  a  red  heat  to 
destroy  any  bacteria  which  remain  attached  to  it. 

Sometimes  it  is  an  advantage  to  have  the  culture  medium  with  a 


Fio.80. 


sloping  surface,  as  shown  in  Fig.  39.     We  may  then  draw  the  nee- 
dle over  the  surface  in  a  longitudinal  direction,  and  by  this  means 
distribute  the  seed  in  a  line  along  which  development  will  take  place. 
The  characters  of  growth  in  these  stick  cultures  in  gelatin  are 


very  various.  Non-Uquefying  bacteria  may  grow  only  on  the  sur- 
face, as  at  a,  Fig.  40;  or  both  on  the  surface  and  along  the  line 
of  puncture,  as  at  b;  or  only  at  the  bottom,  as  at  c.  In  the  first 
case  the  microorganism  is  aerobic — that  is,  it  requires  oxygen,  and 
grows  only  in  the  presence  of  this  gas.  In  the  second  case  it  is 
not  strictly  aerobic,  but  may  grow  either  in  the  presence  of  oxygen 
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<^r  in  its  absence^ 

microorganism  i     ^  f<^cultative  anaerobic.     In  the  third  case  the 

of  oxT-g^n,  axacj  ^  ^^  cinaerobic,  which  cannot  grow  in  the  presence 

oultur^  irtGdinj^   ^^sequently  does  not  grow  upon  the  surface  of  the 

Ag^dxi,  we  }^^^^long  the  upper  portion  of  the  hne  of  puncture. 
surface  or  ^Jozj^  ^  4iffei>3nces  as  to  the  character  of  growth  upon  the 
^a^YW^massr  pyj^^  ^he line  of  puncture.  The  surfax^e  growth  may  be 
>^  \?^  ^  ^^^^o^P  ^t  the  point  where  the  needle  entered  the  gela- 
^  Zwj?^  <^  ^  la^er  over  the  entire  surface,  and  this  may 
GXibiii^ofH  •  <^  ^  ^^  moist,  viscid  or  cream-hke,  and  of  various 
'^^    ^9  r^d,    <:>r  yellow,  of  different  shades — or  more  fre- 


^tkiiiG  oolor. 


mx  X.      \  x^^r    ^V^^   1^®  ^^  puncture  also  differs  greatly  with 

^.^J^^Jr^'^o  may  have  a  number  of  scattered  spherical 
coJomea  ^c^T^"  ^S!) ,  aiicl  these  may  be  translucent  or  opaque  ;  or  we 
tnay  ^v«V«eS:wi^»»  ^^^^  ™^^'  V^^^^^^^}^^^  the  hne  of  puncture 
<*,  Fig.  4\>  ;  OT  a\etvAer,  filamentous  branches  may  grow  out  mto  the 

gelatin,  (^c,  "FW.  4\\,  ,  ,  i. 

The  Aiquet^\mf  bacilli  also  present  different  characters  of  growth. 
Thus  UciuetacS  «xay  take  place  all  along  the  Une  of  puncture, 
forming  a  lona  and  narrow  funnel  of  hquefied  gelatin  (a,  Fig.  42) ; 
or  we  may  We  a  broad  funnel,  as  at  ft  ;  or  a  cup-shaped  cavity,  as 
at  c  ;  or  the  upper  liquefied  portion  may  be  separated  from  that 
-wYttc-h  is  not  liquefied  by  a  horizontal  plane  surface,  as  at  d. 
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The  characters  of  growth  in  agar-agar  jelly  are  not  so  varied, 
but  this  medium  possesses  the  advantage  of  not  Uquefying  at  a  tem- 
perature of  35"^  to  38°  C,  which  is  required  for  the  development  of 
certain  pathogenic  bacteria.  Variations  in  mode  of  growth  are 
also  manifested  in  nutrient  agar  similar  to  those  referred  to  as  pro- 
duced by  non-liquefying  bacteria  in  flesh-peptone-gelatin.  These 
relate  to  the  surface  growth  and  to  growth  along  the  line  of  punc- 
ture. One  character  not  heretofore  mentioned  consists  in  the  for- 
mation of  gas  bubbles  in  stick  cultures  either  in  gelatin  or  agar. 

Colonies, — If  we  melt  the  gelatin  or  agar  in  a  test  tube,  pour 
the  hquid  medium  into  a  shallow  glass  dish  previously  sterilized. 


I  1 


FiQ.  42. 

and  allow  it  to  cool  while  properly  protected  by  a  glass  cover,  we 
will  have  a  broad  surface  of  sterile  nutrient  materiaL  If  now  we  ex- 
pose it  to  the  air  for  ten  or  fifteen  minutes,  and  again  cover  it  and 
put  it  aside  for  two  or  three  days  at  a  favorable  temperature,  we  can 
scarcely  fail  to  have  a  number  of  colonies  upon  the  surface  of  the 
culture  medium,  which  have  been  developed  from  atmospheric  germs 
which  were  deposited  upon  it  during  the  exposure.  Each  of  these 
colonies,  as  a  rule,  is  developed  from  a  single  bacterium  or  spore, 
and  conseiiuently  the  little  mass,  visible  to  the  naked  eye,  which  we 
call  a  colony,  is  a  pure  culture  of  a  particular  species.  In  this  ex- 
periment we  are  more  apt  to  have  colonies  of  mould  fungi  than  of 
bacteria,  but  the  principle  is  the  same,  viz.,  that  a  colony  developed 
from  a  single  germ  is  a  pure  culture.     By  touching  our  platinum 
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needle,  then,  to  such  a  colony,  which  is  quite  independent  of,  and 
well  separated  from,  all  others,  we  may  make  a  stick  culture  in  gela- 
tin or  agar,  and  presence  the  pure  culture  for  further  study.  This 
is  a  most  important  advantage  which  pertains  to  the  use  of  solid 
culture  media.  It  is  a  singular  fact  that,  as  a  rule,  colonies  of  bac- 
teria which  lie  near  each  other  do  not  grow  together,  but  each  re- 
mains distinct.  If  there  are  but  few  colonies,  each  one,  having 
plenty  of  room,  may  grow  to  considerable  size  ;  if  there  are  many 
and  they  are  crowded,  they  remain  small,  but  are  still  independent 
colonies. 

Now,  these  colonies  diflfer  greatly  in  their  appearance  and  char- 
acters of  ^owth,  according  to  the  species  (Fig.  43)..  Some  are 
spherical,  and  these  may  be  translucent  or  opaque,  or  they  may  have 
an  opaque  nucleus  surrounded  by  a  transparent  zone.     Again,  the 


Fio.  48.— Colonies  of  Bacteria. 

outlines  may  be  irregular,  giving  rise  to  amoeba-like  forms,  or  to  a 
fringed  or  plaited  margin,  or  the  form  may  be  that  of  a  rosette,  etc.  ; 
or  the  colony  may  appear  to  be  made  up  of  overlapping  scales  or 
masses,  or  of  tangled  filaments;  or  it  may  present  a  branching 
growth.  In  the  case  of  Uquefying  bacteria,  when  the  colonies  have 
developed  in  a  gelatin  medium  they  commonly  do  not  at  once  cause 
liquefaction  of  the  gelatin,  but  at  the  end  of  twenty-four  hours  or 
more  the  gelatin  about  them  commences  to  liquefy  and  they  are 
seen  in  a  Uttle  funnel  of  transparent  Uquefied  gelatin ;  or  in  other 
cases  little  opaque  drops  of  liquefied  gelatin  are  seen,  which,  as  the 
liquefaction  extends,  run  together.  All  of  these  characters  are  bast 
studied  xmder  a  low-power  lens,  with  an  amplification  of  five  to 
twenty  diameters  ;  and  by  a  careful  observation  of  the  differences  in 
the  form  and  development  of  colonies  we  are  greatly  assisted  in  the 
differentiation  of  species. 

Single,  isolated  colonies  do  not  always  contain  a  single  species, 
for  they  are  not  always  developed  from  a  single  cell.    We  may  have 
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deposited  upon  our  plate,  exposed  as  above  described,  a  little  mass 
of  organic  material  containing  two  or  more  different  bacteria,  and 
this  would  serve  as  the  nucleus  of  a  colony  from  which  we  could  not 
obtain  a  pure  culture. 

Koch's  Plate  Method, — In  the  experiment  above  described, 
colonies  were  obtained  from  air-borne  germs  which  were  deposited 
upon  the  surface  of  our  gelatin  medium.  By  Koch  s  famous  *' plate 
method  "  we  obtain  colonies  of  any  particular  microorganism  which 
we  desire  to  study,  or  of  two  or  more  associated  bacteria  which  we 
desire  to  study  separately  in  pure  cultures.  Evidently,  when  we 
have  obtained  separate  colonies  of  different  bacteria  upon  the  sur- 
face of  a  solid  culture  medium,  we  can  easily  obtain  a  pure  culture 
of  each  by  inoculating  stick  cultures  from  single  colonies. 

To  obtain  separate  colonies  we  resort  to  the  ingenious  method  of 
Koch.  Three  test  tubes  containing  a  small  quantity  of  nutrient 
gelatin  (or  of  agar)  are  commonly  employed.  The  tubes  are  num- 
bered 1,  2,  and  3.  The  first  step  consists  in  liquefying  the  nutrient 
jelly  by  heat,  and  it  will  be  well  for  beginners  to  place  the  tubes  in 
a  water  bath  having  a  temperature  of  about  40°  C.  (104°  F.)  for  the 
purpose  of  keeping  the  culture  material  liquid,  and  at  the  same  time 
at  a  temperature  which  is  not  high  enough  to  destroy  the  vitality  of 
the  bacteria  which  are  to  be  planted.  We  next,  by  means  of  a 
platinum- wire  loop  or  the  platinum  needle  used  for  stick  cultures, 
introduce  into  tube  No.  1  a  small  amount  of  the  culture,  or  material 
from  any  source,  containing  the  bacteria  under  investigation.  Care 
must  be  taken  not  to  introduce  too  much  of  this  material,  and  it 
must  be  remembered  that  the  smallest  visible  amount  may  contain 
many  miUions  of  bacteria.  The  reason  for  using  three  tubes  will 
now  be  apparent.  It  is  usually  impossible  to  introduce  a  few  bac- 
teria into  tube  No.  1,  but  we  effect  our  object  by  dilution,  as  follows  : 
With  the  platinum-wire  loop  we  take  up  a  minute  drop  of  the  fluid  in 
tube  No.  1,  through  which  the  bacteria  have  been  distributed  by 
stirring,  and  carry  it  over  to  tube  No.  2.  Washing  ofif  the  drop  by 
stirring,  we  may  repeat  this  a  second  or  third  time — this  is  a  matter 
of  judgment  and  experience ;  often  it  will  suffice  to  carry  over  a 
single  ose  (the  German  name  for  the  platinum- wire  loop).  Next 
we  carry  over  one,  or  two,  or  three  ose  from  tube  No.  2  to  tube  No. 
3.  By  this  procedure  we  commonly  succeed  in  so  reducing  the  num- 
ber of  bacteria  in  tube  No;  3  that  only  a  few  colonies  will  develop 
upon  the  plate  which  we  subsequently  make  from  it;  or  it  may  happen 
that  the  dilution  has  been  carried  too  far  and  that  no  colonies  de- 
velop upon  the  plate  made  from  this  tube,  in  which  case  we  are 
likely  to  get  what  we  want  from  tube  No.  2.  The  next  step  is  to 
pour  the  liquid  gelatin  upon  sterilized  glass  plates,  which  are  num- 
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bered  to  correspond  with  the  tubes.  The  plates  used  by  Koch  are 
from  eight  to  ten  centimetres  wide  and  ten  to  twelve  centimetres 
long.  They  must  be  carefully  cleaned  and  sterilized  in  the  hot-air 
oven,  at  150°  C,  for  two  hours.  They  may  be  wrapped  in  paper  be- 
fore sterilization,  or  placed  in  a  metal  box  especially  made  for  the 
purpose.  In  order  that  the  liquid  gelatin  may  be  evenly  distributed 
upon  the  plat<e  the  apparatus  shown  in  Fig.  44  is  used.  This  con- 
sists of  a  glass  plate,  g,  supported  by  a  tripod  having  adjustable  feet. 
By  means  of  the  spirit  level  I  the  glass  plate  is  adjusted  to  a  hori- 
zontal position.  The  sterilized  glass  plate  is  placed  in  a  glass  tray, 
shown  in  the  figure,  and  the  gelatin  from  one  of  the  tubes  is  care- 
fully poured  upon  it  and  distributed  upon  its  surface  with  a  steril- 
ized glass  rod,  care  being  taken  not  to  bring  it  too  near  the  edge  of 
the  plate.  The  glass  tray  in  then  covered  until  the  gelatin  has 
cooled  sufficiently  to  become  soUd,  after  which  plate  No.  1  is  re- 
moved and  plates  Nos.  2  and  3  are  made  in   the  same  way.     In 
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order  to  save  time  it  is  customary  to  fill  the  glass  tray  shown  in  the 
figure  with  ice  water,  to  place  a  second  glass  support  upon  it,  and 
upon  this  the  sterilized  glass  plate  upon  which  the  hquid  gelatin  is 
poured.     This  is  protected  by  a  glass  cover,  as  before,  until  the  gela-' 
tm  becomes  soUd. 

The  three  plates,  prepared  as  directed,  are  put  aside  in  a  glass 
jar  of  the  form  shown  in  Fig.  44,  one  being  supported  above  the 
other  by  a  bench  of  sheet  zinc  or  glass. 

Petri's  Dishes, — A  modification  of  the  plate  method  of  Koch, 
which  has  some  advantages,  consists  in  the  use  of  three  small  glass 
dishes  of  the  same  form  as  the  larger  one  used  by  Koch  to  contain 
the  plates.  These  dishes  of  Petri  are  about  ten  to  twelve  centime- 
tres in  diameter  and  one  to  1.5  centimetres  high,  the  cover  being  of 
the  same  form  as  the  dish  into  which  the  gelatin  is  poured.  These 
dishes  take  less  room  in  the  incubating  oven  than  the  larger  glass 
jar  used  in  the  plate  method,  and  they  do  not  require  the  use  of  a 
levelling  apparatus.  The  colonies  also  may  be  examined  and 
counted,  if  desired,  without  removing  the  cover,  and  consequently 
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without  the  exposure  which  occurs  when  a  plate  prepared  by  Koch's 
method  is  under  examination. 

In  agar-agar  cultures  or  in  gelatin  cultures  of  non-Uquefying' 
bacteria  made  in  Petri's  dishes,  we  may  examine  and  count  colonies, 
without  removing  the  cover,  by  inverting  the  dish. 

In  pouring  the  liquefied  gelatin  from  the  test  tubes  in  which  the 
dilution  has  been  made  into  sterilized  Petri's  dishes,  care  must  be 
taken  to  first  sterilize  the  lip  of  the  test  tube  by  passing  it  through 
the  flame  of  a  lamp.  We  may  at  the  same  time  bum  oflf  the  top  of 
the  cotton  plug,  then  remove  the  remaining  portion  with  forceps, 
when  the  lip  has  cooled,  for  the  purpose  of  pouring  the  liquid  into  the 
shallow  dish. 

Von  Esmarch's  Roll  Tubes, — Another  very  useful  modification 
of  Koch's  plate  method  is  that  of  von  Esmarch.  Instead  of  pouring 
the  liquefied  gelatin  or  agar  medium  upon  plates   or  in  shallow 


Fig.  45. 

dishes,  it  is  distributed  in  a  thin  layer  upon  the  walls  of  the  test  tube 
containing  it  This  is  done  by  rotating  the  tube  upon  a  block  of  ice 
or  in  iced  water.  Esmarch  first  used  a  tray  containing  iced  water, 
and  to  prevent  the  wetting  of  the  cotton  filter  a  cap  of  thin  rubber 
was  placed  over  the  end  of  the  tube.  It  is  more  convenient  to  turn, 
the  tubes  upon  a  block  of  ice  having  a  horizontal  flat  surface,  in 
which  a  shallow  groove  is  first  made  by  means  of  a  test  tube  con- 
taining hot  water  (Fig.  45).  Or,  in  the  winter,  we  may  turn  the 
tube  under  a  stream  of  cold  water  from  the  city  supply — i.e.y  from  a 
faucet  in  the  laboratory.  A  little  practice  will  enable  the  student  to 
distribute  the  culture  mediiun  in  a  uniform  layer  on  the  waUs  of  the 
test  tube,  and  as  soon  as  it  is  quite  solidified  these  may  be  placed 
aside  for  the  development  of  colonies  from  the  bacteria  which  had 
been  introduced.  "VNTien  roll  tubes  are  made  from  the  agar  jelly  it  is 
best  to  place  the  tubes  in  a  nearly  horizontal  position,  for  if  placed 
upright  at  once  the  film  of  jelly  is  likely  to  slip  from  the  walls  of  the 
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tube.  This  is  due  to  the  fact  that  a  little  fluid  is  pressed  out  of  the 
jelly,  probably  by  a  shght  contraction  while  cooling.  If  the  tubes 
are  slightly  inclined  from  the  horizontal  the  film  does  not  slip  and 
the  fluid  accumulates  at  the  bottom.  After  a  day  or  two  they  may 
be  placed  in  an  upright  position. 

These  roll  tubes  possess  several  advantages.  They  are  quickly 
made  and  take  but  little  space  in  the  incubating  oven,  and  the  film 
uf  jelly  is  protected  from  contamination  by  atmospheric  germs. 
^Vhen  colonies  have,  formed  we  may  examine  them  through  the  thin 
walls  of  the  tube,  either  with  a  pocket  lens  or  a  low-power  objective. 
In  making  a  stick  culture  from  a  single  colony  in  one  of  these  roll 
tubes,  we  invert  the  tube,  remove  the  cotton  air  filter,  and  pass  the 
jKiint  of  a  sterilized  platinum  needle  up  to  the  selected  colony.  In 
the  same  way  we  obtain  material  for  microscopical  examination. 

Streak  Cultures. — In  his  earUer  experiments  with  solid  culture 
media  Koch  made  *^  streak  cultures^'  by  drawing  the  point  of  a  plati- 
num needle,  charged  with  bacteria,  over  the  surface  of  a  gelatin  or 
agar  plate  ;  and  this  method  is  still  useful  in  certain  cases.  If  we 
draw  the  needle  over  the  moist  surface  several  times  in  succession 
the  greater  number  of  bacteria  will  be  deposited  in  the  first  streak, 
and  in  the  second  or  third  single  cells  are  likely  to  be  left  at  such 
intervals  from  each  other  that  each  will  develop  an  independent 
colony.  If  the  streaks  were  made  with  impure  stock  we  may  thus 
succeed  in  getting  separate  colonies  of  the  several  bacteria  contained 
in  it,  so  that  this  method  may  be  employed  for  obtaining  pure  cul- 
tures. But  for  this  purpose  it  is  much  inferior  to  the  plate  method, 
and  it  is  chiefly  used  for  observing  the  growth  of  bacteria  on  the  sur- 
face of  solid  culture  media.  Thus  we  commonly  make  a  streak  upon 
the  surface  of  cooked  potato  or  solidified  blood  serum  in  studying  the 
development  of  various  bacteria  on  these  culture  media. 

Cultures  upon  Blood  Serum. — The  use  of  blood  serum  as  a 
solid  medium  is  practically  restricted  to  stick  cultures  and  streak 
cultures,  for  we  cannot  substitute  it  for  the  gelatin  and  agar  media 
in  making  plates  and  roll  tubes.  This  is  because  it  only  becomes  solid 
at  a  temperature  which  would  be  fatal  to  most  bacteria  (70°  C),  and 
when  once  made  solid  by  heat  cannot  again  be  liquefied.  Its  use  is, 
therefore,  restricted  mainly  to  the  cultivation  of  bacteria  for  which 
it  is  an  especially  favorable  medium.  It  may  be  used,  however,  in 
combination  with  a  gelatin  or  agar  medium.  For  this  purpose  it  is 
most  conveniently  kept  in  a  fluid  condition  in  the  little  flasks  hereto- 
fore described  (**  Sternberg's  bulbs  "). 

The  gelatin  or  agar  jelly  in  test  tubes  is  liquefled  by  heat  and 
cooled  in  a  water  bath  to  about  40°  C.  The  desired  amount  of  ste- 
rile blood  serum  is  then  forced  into  each  tube  by  passing  the  slender 
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neck  of  the  little  flask  along  the  side  of  the  cotton  filter  (see  Fig.  46) 
and  applying  gentle  heat  to  the  bulb.  The  slender  neck  is  first  ste- 
rilized by  passing  it  through  a  flame,  and  the  point  is  broken  oflF 
with  sterile  forceps.  After  inoculating  the  liquefied  medium  in  the 
test  tubes  in  the  usual  manner  we  may  make  plates  or  roll  tubes. 

Cultures  on  Cooked  Potato, — The  method  of  preparing  pota- 
toes for  surface  cultures  has  already  been  given  (page  48).  It  was 
in  using  them  that  Koch  first  got  his  idea  of  the  importance  of  solid 
media,  which  led  to  his  introduction  of  the  use  of  gelatin  and  agar- 
agar  and  the  invention  of  the  plate  method.     By  means  of  streak 


Fio.40. 

cultures  upon  potato  he  had  succeeded  in  obtaining  isolated  colonies 
and  pure  cultures.  We  now  use  the  potato  chiefly  for  the  purpose 
of  differentiating  species.  Some  bacteria  grow  on  the  surface  of 
cooked  potato  and  some  do  not.  Those  which  do  present  various 
characters  of  growth.  Thus  we  have  differences  as  to  color,  as  to 
rapidity  of  growth,  as  to  the  character  of  the  mass  formed — ^thick 
or  thin,  viscid,  moist  or  dry,  restricted  to  line  of  inoculation  or  ex- 
tending over  the  entire  surface,  etc. 

Instead  of  using  a  cut  section  of  the  potato  in  the  manner  here- 
tofore described,  we  may  make  a  puree  by  mashing  the  peeled  and 
cooked  tubers  and  distributing  the  mass  in  Erlenmeyer  flasks.    After 
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thorough  sterilization  by  steam  the  culture  medium  is  ready  for  use. 
In  the  same  way  other  vegetables,  or  bread,  etc.,  may  be  used  for 
special  purposes,  and  especially  for  cultures  of  the  mould  fungi. 

Potatoes  usually  have  a  slightly  acid  reaction,  and  on  this  ao- 
count  certain  bacteria  will  not  grow  upon  them.  This  acid  reaction 
is  not  constant  and  differs  in  degree,  and  as  a  result  we  may  have 
decided  differences  in  the  growth  of  the  same  species  upon  different 
potatoes.  To  overcome  this  objection  the  writer  has  sometimes  neu- 
tralized the  cones  of  potato  in  test  tubes  (see  Fig.  21,  page  48)  by 
first  boiling  them  in  water  containing  a  little  carbonate  of  soda. 
The  liquid  is  poured  off  after  they  have  been  in  the  steam  sterilizer 
for  half  an  hour,  and  they  are  returned  for  sterilization. 

Salomonson's  Method  of  cultivation  in  capillary  tubes  has  a  his- 
torical value  only  since  the  introduction  of  Koch's  plate  method. 
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Pasteur  (1861)  first  pointed  out  the  fact  that  certain  species  of 
bacteria  not  only  grow  in  the  entire  absence  of  oxygen,  but  that  for 
some  no  growth  can  occur  in  the  presence  of  this  gas.  Such  bacteria 
are  found  m  the  soil,  and  in  the  intestines  of  man  and  the  lower  ani- 
mals. The  cultivation  of  *' strict  anaerobics"  calls  for  methods  by 
which  oxygen  is  excluded.     The   **  facultative    anaerobics"  grow 
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either  in  the  presence  or  absence  of  oxygen.  There  are  various  gra- 
dations in  this  regard,  from  the  strictly  aerobic  species  which  re- 
quire an  abundance  of  oxygen  and  will  not  grow  in  its  absence,  to 
the  strictly  anaerobic  species  which  will  not  grow  if  there  is  a  trace 
of  oxygen  in  the  medium  in  which  we  propose  to  cultivate  them. 
Among  the  most  interesting  pathogenic  bacteria  which  are  strictly 
anaerobic  are  the  bacillus  of  tetanus,  the  bacillus  of  malignant 
oedema,  and  the  bacillus  of  symptomatic  anthrax. 
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If  we  make  an  inoculation  of  one  of  the  species  which  is  not 
strictly  anaerobic  into  a  test  tube  containing  nutrient  gelatin  or  agar- 
^ar,  we  may  have  a  development  all  along  the  line  of  puncture, 
and  this  may  be  more  abundant  below,  as  in  Fig.  47.  But  when  we 
make  a  long  stick  culture  with  a  strict  anaerobic  the  development 
occurs  only  near  the  bottom  of  the  line  of  puncture  (Fig.  48). 

We  may  then,  if  we  have  a  pure  culture  to  start  with,  propagate 
these  anaerobic  bacilli  in  long  stick  cultures.  It  is  best  to  use  tubes 
which  have  been  recently  sterilized,  as  boiling  expels  the  air  from 
the  culture  medium ;  and  a  very  slender  needle  should  be  used  in 
making  the  inoculation.  To  prevent  the  absorption  of  oxygen  a 
layer  of  sterilized  olive  oil  may  be  poured  into  the  tube  after  the  in- 
oculating puncture  has  been  made,  or  it  may  be  filled  up  with  agar 
jelly  which  has  been  cooled  to  about  40"^  C.  Roux  has  proposed  to  • 
prevent  the  absorption  of  oxygen  by  the  culture  medium  by  plant- 
ing an  aerobic  bacterium — Bacillus  subtilis — upon  the  surface,  after 
making  a  long  stick  culture  with  the  anaerobic  species.  The  agar 
jelly  is  first  boiled  and  quickly  cooled  ;  the  inoculation  is  then  made 
with  a  slender  glass  needle  ;  some  sterile  agar  cool^  to  40°  C.  is 
poured  into  the  tube,  and  when  this  is.  solid  the  aerobic  species  is 
planted  upon  the  surface.  The  top  of  the  test  tube  is  then  closed 
hermetically  and  it  is  placed  in  the  incubating  oven.  The  aerobic 
species  exhausts  the  oxygen  in  the  upper  part  of  the  tube  by  its 
g^o^vth  on  the  surface  of  the  culture  medium,  and  the  anaerobic 
s|)ecies  grows  at  the  bottom  of  the  tube.  To  obtain  material  for  a 
new  culture  or  for  microscopical  examination  the  test  tube  is  broken 
near  its  bottom. 

Cultures  in  liquid  media  may  be  made  by  exhausting  the  air  in 
a  suitable  receptacle  or  by  displacing  it  with  hydrogen  gas.  The 
first-mentioned  method  has  been  largely  used  in  Pasteur's  laboratory, 
but  methods  in  which  hydrogen  gas  takes  the  place  of  atmospheric 
air  in  the  culture  tube  are  more  easily  applied  and  require  simpler 
apparatus.  The  flask  shown  in  Fig.  49  may  be  used  in  connection 
with  an  air  pump.  The  sterile  culture  liquid  is  first  introduced  into 
a  long-necked  flask  and  inoculated  AWth  the  anaerobic  bacillus  to  be 
cultivated.  The  neck  of  the  flask  is  then  drawn  out  in  a  flame  at  c. 
The  open  end  is  then  connected  »with  a  Sprengle  s  pump  or  some 
other  apparatus  for  exhausting  the  air.  The  flask  is  placed  in  a 
water  bath  at  40°  C,  which  causes  ebullition  at  the  diminished  pres- 
sure, and  the  exhaustion  is  continued  for  about  half  an  hour.  The 
narrow  neck  is  then  sealed  at  c  by  the  use  of  a  blowpipe  flame. 

The  flask  shown  in  Fig.  49,  which  can  be  made  from  a  test  tube, 
may  also  be  used  in  connection  with  a  hydrogen  apparatus.  In  this 
case  a  slender  glass  tube  is  passed  into  the  flask,  as  shown  in  Fig. 
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50,  and  this  is  connected  with  a  hydrogen  apparatus  by  a  rubber 
tube,  The  hydrogen  is  allowed  to  bubble  through  the  culture 
liquid  in  a  full  stream  for  ten  to  fifteen  minutes,  in  order  that  all  of 
the  oxygen  in  the  flask  may  be  removed  by  displacement.  Then, 
while  the  gas  is  still  flowing,  the  flask  is  sealed  at  a  with  a  blow- 
pipe flame,  the  hydrogen  tube  being  left  in  position  and  melted  fast 
to  the  flask.  Some  little  skill  is  required  in  the  successful  perform- 
ance of  the  last  step  in  this  procedure,  and  it  will  be  easier  for  those 
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who  are  not  skilful  in  the  use  of  •  the  blowpipe  to  use  Salomonson^s 
tube,  shown  in  Fig.  51.  In  this,  hydrogen  is  admitted  through  the 
arm  6,  and  escapes  through  the  cotton  plug  a.  The  vertical  tube  is 
sealed  at  c  while  the  gas  is  flowing,  and  then  the  horizontal  tube  at  6. 
FrdnkeVs  Method, — Instead  of  these  tubes  specially  made  for 
the  purpose,  an  ordinary  test  tube  may  be  used,  as  recommended  by 
Frankel.  This  is  closed  b}^  a  soft  rubber  cork  through  which  two 
glass  tubes  pass — one,  reaching  nearly  to  the' bottom  of  the  test  tube. 
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for  the  admission  of  hydrogen,  which  passes  through  the  liquefied 
culture  medium  ;  and  the  other  a  short  tube  for  the  escape  of  the  gas. 
The  outlet  tube  is  sealed  in  the  flame  of  a  lamp  while  the  gas  is 
freely  flowing,  and  after  suflScient  time  has  elapsed  to  insure  the 
complete  expulsion  of  atmospheric  oxygen — ^which,  when  the  hydro- 
gen flows  freely,  requires  about  four  minutes  (Frankel) — melted 
paraffin  is  applied  freely  to  the  rubber  stopper  to  prevent  leakage  of 
the  hydrogen  and  entrance  of  oxygen.  A  roll  tube  may  then  be 
made  after  the  manner  of  Esmarch,  and,  after  colonies  have  de- 
Teloped,  the  anaerobic  culture  will  appear  as  shown  in  Fig.  52. 

To  isolate  anaerobic  bacteria  in  pure  cultiu'es  it  is  well  to  make  a 
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series  of  dilutions  as  heretofore  described  for  aerobic  cultures ;  we 
will  then  usually  obtain  isolated  colonies  in  tube  No.  2  or  No.  3  of  a 
aeries,  and  by  removing  the  rubber  stopper  we  may  transplant  bac- 
teria from  these  colonies  to  deep  stick  cultures  in  nutrient  gelatin  or 
agar. 

The  Writer's  Method.— The  following  simple  method  has  been 
successfully  employed  by  the  writer: 

Three  Esmarch  roll  tubes  are  prepared  as  is  usual  for  aerobic  cul- 
tures. The  cotton  air  filter,  or  a  portion  of  it,  is  then  pushed  down 
the  tubes  for  a  short  distance,  as  shown  at  a,  Fig.  53.  A  section  of 
a  soft  rubber  stopper  carrying  two  glass  tubes  is  then  pushed  into  the 


Digitized  by  CjOOQIC 


>-/ 


^  *  i/ft  ii.$i'/A  uif  A:iktk/fHU.  uxfnzuix^ 


i/.r4  r,»^.  ^/^  h'/rt*  li,,1  Hi,  ;hrK,  ^,  i^,v/wfi  at  //,  Fi^  -V;,  The  »pare 
Pfi^fy4*  Uf^-^y/tk  U  i\t*ti  ih**A  m*h  u$^,\*M*!^:s±\iii^Mr;%x.  which  I  have 

f  »fn\ih^,  *\  hi'  U^^  iti^f*'  M  utVifiM  whiUi  hvArffiftfii  i*  pa««^  thrr>ugh 
M^/'  <^<l/*i  /,  ^M*/l  l^r  ^<''''«'/>i  '//  i^^  li'vjty  th^- j^;i)4 quickly  iia.S9*^ through 
Hthttfii^fU  tt\f  iUU-fhu^i  iliHjfUu'iTH  lliiM/xyK^m  in  the  t*frft  tul>e  (Fig. 
hif  Atlm  n\\itwUn4  iUi*  i/^tm  Ut  ttow  Uft  a  few  minuteft  the  outlet 
U^\Hi  U  Wi^S  ^mIiwI  \u  h  Wiitw  $%Ui\  then  the  inlet  tu»>e.  Am  the  cotton 
()M''»  \n\\\\^*i\inm'i\  hHw<'<*/i  thi>  ri I hIxT  Htoii|>ifr  and  the  Culture  inate- 
HmI,  iim«|<mi|m1  \im'tt\\\\nt\n  \mH\  Im<  taken  for  the  Ht^^rilization  of  the 
\\\\\\h*\  I'of  b  mimI  fliH  k'^i^^  titlMiH  which  it  carri<^. 


(r)=4- 


h 


^ 


*^s^  v^ 


rsfc  331 


^N     "^  V.  X.       .^ 


V  \\  N- 


Digitized  by  CjOOQIC 


CULTIVATION  OP  ANAfiROBIC  BACTERIA. 


h;] 


gelatin,  previously  cooled  upon  its  walls,  which  contains  tho  bacteria 
under  investigation.  When  the  anaerobic  colonies  have  develo[HMl 
the  test  tube  must  be  broken  to  get  at  them,  or  the  cylinder  of  gela- 
tin may  be  removed  by  first  warming  the  walls  of  the  tube. 

Another  mefhody  recommended  by  Liborius,  consistH  in  distri- 
buting the  bacteria  in  test  tubes  nearly  filled  with  nutrient  gelatin  or 
agar  which  has  been  recently  boiled  to  expel  air.  Colonies  of  anafiro- 
bic  bacteria  will  develop  near  the  bottom  of  such  a  tube,  while  the 
aerobic  species  will  only  grow  near  the  surface.  The  cylinder  of 
jelly  is  removed  by  heating  the  walls  of  the  ttibe,  and  sections  are 
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niade  with  a  sterilized  knife  for  the  purp^>se  of 'obtaining  mat<3rial 
from  individual  colonies  for  further  cultures,  etc. 

Koch  and  his  pupils  are  in  the  habit  of  t^'sting  the  ai^robic  cliar- 
acter  of  bacteria  in  plate  cultures  by  covering  the  recently  miule 
plates  Avith  a  thin  sheet  of  mica  which  has  l>een  steriliz<fd  by  heat. 
The  strictly  aerobic  species  do  not  grr^w  under  such  a  plate  ;  but, 
according  to  Liborius,  the  exclusion  of  oxygen  is  not  sufficiently 
complete  for  the  growth  of  strict  anaerobics. 

Buchner's  Method  consists  in  the  removal  of  oxygen  by  UH'ans 
of  pyrogallic  acid.  The  anaerobic  s[>ecies  under  invifHtigation  is 
planted  in  recently  lx>iled  agar  jelly  in  a  small  tent  tulxf.  This  is 
placed  in  a  larger  tube  having  a  tightly  fitting  rubU.*r  HU)\)\Htr,  jis 
shown  in  Fig.   55.      The  small  tubfj  is  supfxjrt^Ml  by  a   Umt-wire 
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stand,  and  in  the  lower  part  of  the  large  tube  are  placed  ten  cubic 
centimetres  of  a  ten-per-cent  solution  of  caustic  potash,  to  which  one 
gramme  of  pyrogallic  acid  is  added.  The  absorption  of  the  oxygen 
takes  some  time,  but,  according  to  Buchner,  it  is  finally  so  complete 
that  strict  anaerobics  grow  in  the  small  tube. 

In  practice,  cultivation  in  an  atmosphere  of  hydrogen  will  be 
found  the  most  convenient  method,  and  for  this  any  form  of  hydro- 
gen generator  may  be  used.  The  writer  is  in  the  habit  of  using  the 
form  shown  in  Fig.  56.  A  perforation  a  quarter  of  an  inch  in 
diameter  is  drilled  through  the  bottom  of  a  wide-mouthed  bottle. 
Some  fragments  of  broken  glass  are  then  put  into  the  bottle,  f orm- 
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ing  a  layer  two  or  three  inches  thick.  Upon  this  is  placed  a  quan- 
tity of  granulated  zinc.  This  bottle  has  a  tightly  fitting  cork, 
through  which  passes  a  metal  tube  having  a  stopcock.  The  bottle 
is  placed  in  a  glass  jar  containing  diluted  sulphuric  acid  (one  part 
by  weight  of  sulphuric  acid  to  eight  parts  of  water).  The  acid,  ris- 
ing through  the  perforation  in  the  bottom  of  the  bottle,  when  it 
comes  in  contact  with  the  zinc  gives  rise  to  an  abundant  evolution 
of  hydrogen,  which  escapes  by  the  tube  a  when  the  stopcock  is 
open.  When  this  is  closed  the  gas  forces  the  acid  back  from  con- 
tact with  the  zinc.  To  remove  any  trace  of  oxygen  present  the 
gas  may  be  passed  through  a  solution  of  pyrogallic  acid  in  caustic 
potash. 

Evidently  plates  prepared   by  Koch's  method,  or  Esmarch  roll 
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tubes,  may  be  placed  in  a  suitable  receiver  and  the  air  exhausted^  or 
hydrogen  substituted  for  atmospheric  air.  Such  an  apparatus  for 
hydrogen  has  been  devised  by  Blucher  and  is  shown  in  Fig.  57.  A 
glass  dish,  A,  contains  a  smaller  dish,  B,  which  has  a  diameter  of 
about  seven  centimetres.  The  small  dish  is  kept  in  its  position  in 
the  centre  of  the  larger  one  by  the  wire  ring,  having  three  project- 
ing arms,  which  is  shown  in  the  figure.  The  culture  medium  con- 
taining the  anaerobic  bacteria  to  be  cultivated  is  poured  into  the 
small  dish  and  the  glass  funnel  D  is  put  in  position.  This  is  held 
in  its  place  by  a  weight  of  lead  which  encircles  the  neck  of  the  fun- 
nel at  F.  A  mixtmre  of  glycerin  and  water  (twenty  to  twenty-five 
per  cent)  is  poured  into  the  dish  A  to  serve  as  a  valve  to  shut  off 
the  atmospheric  air  from  the  interior  of  the  funnel  D.  Hydrogen 
gas  is  introduced  through  the  tube  E,  which  is  connected  by  a  rub- 
ber tube  with  a  hydrogen  apparatus. 

A  somewhat  similar  apparatus  has  been  devised  by  Botkin,  in 
which  the  hydrogen  is  admitted  beneath  a  bell  jar  covering  small 
glass  dishes  containing  the  culture  medium.  We  believe  that  in 
practice  the  writer's  method  (page  81),  in  which  Esmarch  roll  tubes 
are  first  made,  will  be  found  more  convenient  than  either  of  the  last- 
mentioned  methods  of  preserving  plates  in  an  atmosphere  of  hydro- 
gen ;  or  roll  tubes  may  be  prepared  in  the  way  usually  practised  in 
cultivating  aerobic  bacteria,  and  these  may  be  placed  in  a  suitable 
receptacle  which  can  be  filled  with  hydrogen. 
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The  saprophytic  bacteria  generally,  and  many  of  the  pathogenic 
species,  g^ow  at  the  ordinary  temperature  of  occupied  apartments 
(20°  to  25°  C.) ;  but  some  pathogenic  species  can  only  be  cultivated 
at  a  higher  temperature,  and  many  of  those  which  grow  at  the 
^'  room  temperature  "  develop  more  rapidly  and  vigorously  when 
kept  in  an  incubating  oven  at  a  temperature  of  35°  to '38°  C.  Every 
bacteriological  laboratoiy  should  therefore  be  provided  with  one  or 
more  brood  ovens  provided  with  thermo-regulators  to  maintain  a 
constant  temperature.  These  incubating  ovens  are  made  with  dou- 
ble walls  surrounding  an  air  chamber.  The  space  between  the  dou- 
ble walls  is  filled  "vvith  water,  which  is  usually  heated  by  a  small  gas 
flame.  The  gas  passes  through  the  thermo-regulator,  and  its  flow 
is  automatically  controlled  for  any  temperature  to  which  this  is  ad- 
justed. The  exterior  of  the  incubating  oven  is  covered  with  felt  or 
asbestos  to  prevent  the  loss  of  heat  by  radiation.  A  simple  and 
cheap  form  which  answers  every  purpose  is  shown  in  Fig.  5S,  The 
quadrangular  box  with  double  walls  should  be  made  of  zinc  or  cop- 
per. An  outer  metal  door  covered  with  non-conducting  material, 
and  an  inner  door  of  glass,  give  access  to  the  interior  space  ;  and  a 
thermometer  introduced  through  an  aperture  in  the  top  (Fig.  58,  6) 
shows  the  temperature  of  this  space  when  the  door  is  closed.  The 
stopcock  e  permits  the  drawing  off  of  the  water  from  the  space  be- 
tween the  double  walls,  and  the  glass  tube  d  shows  the  height  of 
the  water,  as  it  is  connected  with  the  space  containing  it.  The 
thermo-regulator  passes  through  an  aperture  at  one  side  of  the  oven 
into  the  water,  the  temperature  of  which  controls  the  flow  of  gas. 

The  ordinary  thermo-regulator  is  shown  in  Fig.  59  as  manufac- 
tured by  Rohrbeck.  A  glass  receptacle,  shaped  like  an  ordinary 
test  tube,  has  an  arm,  c,  for  the  escape  of  the  gas,  which  enters  by 
the  bent  tube  a,  which  passes  through  a  perforated  cork  and  is  ad- 
justable up  and  down.  Tube  a  is  connected  with  the  gas  supply  and 
tube  c  with  the  burner  by  means  of  rubber  tubing.  A  glass  parti- 
tion extending  downward  as  a  tube,  g,  makes  an  enclosed  space  irt 
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the  lower  part  of  the  instrument,  and  this,  when  immersed  in  water, 
acts  as  a  thermometer  bulb.  This  space  contains  mercury  below 
and  air  or  the  vapor  of  ether  above.  When  the  air  is  expanded  by 
heat  the  mercury  is  forced  up  the  tube  g  imtil  it  meets  the  end  of 
the  inlet  tube  for  gas  at  A,  and  by  shutting  off  the  flow  of  gas  pre- 
vents the  temperature  from  going  any  higher.  A  small  opening  in 
the  inlet  tube  at  e  permits  a  small  amoimt  of  gas  to  flow,  so  that  the 
flame  under  the  brood  oven  ( Fig.  58,  /)  may  not  be  entirely  extin- 
guished* The  lower  end  of  the  bent  tube  a  is  bevelled,  so  that  a  tri- 
angular opening  is  formed,  which  is  closed  gradually  by  the  rising 
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mercury,  instead  of  abruptly  as  would  be  the  case  if  the  lower  end 
of  the  tube  a  were  cut  off  square.  To  adjust  the  temperature  in 
the  air  space  of  the  incubating  oven  when  the  thermo-regulator  is  in 
position,  a  full  flow  of  gas  is  admitted  to  the  burner  imtil  the  ther- 
mometer (Fig.  58,  6)  shows  the  desired  temperature ;  then  the  bent 
tube  a  is  pushed  down  through  the  cork  imtil  its  lower  extremity 
meets  the  merciiry  and  the  flame  /  is  somewhat  reduced.  The  ap- 
paratus is  then  left  for  a  time,  to  see  whether  the  flame  runs  too  high 
or  too  low,  and  a  further  adjustment  is  made.  When  the  changes 
in  the  exterior  temperature  are  slight  and  the  gas  pressure  regular 
the  temperatiu-e  in  the  air  chamber  is  controlled  with  great  precision. 
But  this  is  not  the  case  imder  the  reverse  conditions.     Changes  in 


Digitized  by 


Google 


88 


INCUBATING  OVENS  AND   THERMO-REGULATORS. 


the  pressure  of  gas,  especially,  interfere  with  the  maintenance  of  a 
constant  temperature,  and  for  this  reason  a  pressure  regulator  will 
be  required  when  great  precision  is  desired.  That  of  Moitessier  is 
commonly  used  in  bacteriological  laboratories  (Fig.  60).  But  for 
most  purposes  variations  of  temperature  of  1°  to  2°  C.  are  not  of 
great  importance.  For  ordinary  use  a  brood  oven  should  be  regu- 
lated to  about  35°  to  37*"  C.  It  is  best  to  have  a  little  cylindrical 
screen  of  mica  around  the  gas  jet  beneath  the  incubating  oven,  for 
the  purpose  of  preventing  the  flame  from  being  extinguished  by  cur- 
rents of  air  (Fig.  61). 

Koch^s  ingenious  automatic  device  for  shutting  off  the  gas  if  the 
flame  is  accidentally  extinguished  is  shown  in  Fig.  62. 


a  c 
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Another  form  of  thermo-regulator,  which  answers  very  well,  is 
that  of  Reichert  (Fig.  63).  In  this  the  gas  enters  at  a  and  escapes 
at  c.  The  mercury,  which  fills  the  bulb,  shuts  off  the  gas  at  the 
point  for  which  the  instrument  is  regulated.  By  means  of  the 
screw  d  the  height  of  the  mercury  in  the  tube  may  be  very  accu- 
rately adjusted  for  any  desired  temperature. 

The  regulator  of  Bohr,  shown  in  Fig.  64,  is  more  sensitive  than 
that  of  Reichert,  and  rather  simpler  in  construction  than  the  usual 
form  shown  in  Fig.  59.  The  thermometer  bulb  a  contains  only  air, 
and  the  gas  which  passes  through  the  tube  /  is  shut  off  at  the 
proper  temperature  by  the  mercury  in  the  U-shaped  tube  c.  The 
stopcock  b  is  left  open  when  the  bulb  a  is  immersed  in  the  water 
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bath,  and  when  the  proper  temperature  is  reached  is  closed  so  as  to 
confine  the  air  in  the  bulb.     An  increase  of  temperature  now  causes 
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the  air  in  the  bulb  to  expand,  the  mercury  in  the  U-tube  is  forced  up 


Fio.  es. 
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and  shuts  oflf  the  gas  flowing  through  the  tube /at  its  lower  ex- 
tremity, d.     A  small  opening,  e,  permits  suflScient  gas  to  pass  to 
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maintain  a  small  flame  which  must  not  be  suflScient  by  itself  to  keep 
up  the  desired  temperature  in  the  water  bath. 

Altmann  has  recently  (1891)  described  a  thermo-regulator  which 
is  made  by  Miincke,  of  Berlin,  and  which  is  shown  in  Fig.  65.  This 
is  said  to  act  with  great  precision.     It  is  a  modification  of  Reichert's 
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regulator.     Its  mode  of  action  will  be  readily  underetood  by  a  refe- 
rence to  the  figure. 

A  thermo-regulatQr  which  gives  very  accurate  results,  which  are 
not  influenced  by  differences  in  pressure,  is  that  invented  by  the 
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writer  over  twenty  years  ago.  The  regulating  thermometer  may 
contain  mercury  only,  or  air  and  mercury,  as  shown  in  the  thermo- 
regulator  for  gas  (Fig.  59).  In  the  simplest  form  a  large  bulb  con- 
taining mercury  is  used,  and  a  platinum  wire  is  hermetically  sealed 
in  the  glass  so  as  to  have  contact  with  the  mercury  (Fig.  66,  a). 
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Another  platinum  wire  passes  down  the  tube  of  the  thermometer,  6, 
and  is  adjustable  for  any  desired  temperature.  The  gaa  passes 
through  a  valve  which  is  controlled  by  an  electro-magnet.  A 
simple  form  of  valve  is  shown  in  Fig.  67.  The  bent  tube  a  is  con- 
nected with  the  gas  supply  by  a  piece  of  rubber  tubing.  The  up- 
right arm  of  this  tube  is  enclosed  in  a  larger  tube,  6,  having  an  out- 
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let,  Cy  which  is  connected  with  the  burner  under  the  incubating 
oven.  The  upper  end  of  this  larger  tube  is  closed  by  means  of  a 
piece  of  sheet  rubber,  which  prevents  the  escape  of  gas.  When  this 
is  depressed  by  means  of  the  lever  c,  the  flow  of  gas  through  the 
valve  is  arrested.  The  lever  c  has  attached  to  it  the  armature  d, 
and  is  operated  by  an  electro-magnet  under  the  control  of  the  regu- 
lating thermometer. 


Digitized  by 


Google 


n 


INCUBATING  OVENS  AND   THERMO-REGULATORS. 


When  the  thermometer  is  immersed  in  a  water  bath  the  tem- 
perature of  which  it  is  desired  to  regulate,  and  the  proper  electric 
connections  are  made,  it  acts  as  a  circuit  breaker.  When  the  de- 
sired temperature  is  reached  the  mercury  in  the  tube  of  the  ther- 
mometer touches  the  "vvire  b  (Fig.  66),  an  electric  circuit  is  com- 
pleted, and  the  valve  is  closed,  shutting  off  the  gas  supply  and 
preventing  the  temperature  from  going  any  higher.  When  contact 
is  broken  in  the  thermometer  tube  the  valve  opens  and  permits  the 
^as  to  flow  again.  A  small  opening,  o  (Fig.  67),  permits  the  con- 
stant flow  of  a  sufficient  amount  of  gas  to  prevent  the  flame  from 
being  extinguished.  In  practice,  however,  it  is  better  to  have  a 
small  side  jet  of  gas,  quite  independent  of  that  which  passes  through 
the  valve,  which  bums  constantly  and  relights  the  principal  jet  when 


the  valve  is  opened.  This  apparatus  is  very  well  adapted  for  regu- 
lating the  temperature  of  a  water  bath  with  precision,  but  for  gene- 
ral use  in  connection  with  incubating  ovens  the  ordinary  gas  regu- 
lator is  preferable,  on  account  of  the  trouble  connected  with  keeping 
a  galvanic  battery  in  order  when  it  is  required  to  act  at  frequent 
intervals  "  on  a  closed  circuit,"  for  weeks  and  months  together. 

The  incubating  apparatus  of  D'Ar3onval  is  shown  in  Fig.  08.  It 
is  a  cylindrical  vessel  of  copper  having  double  walls,  and  is  provided 
with  the  thermo-regulator  of  D' Arson val,  by  which  very  accurate 
regulation  is  maintained  at  any  desired  temperature.  In  its  form 
this  apparatus  is  not  as  convenient  as  are  the  brood  ovens  made 
in  the  form  shown  in  Fig.  58,  with  a  swinging  door  which  gives 
easy  access  to  the  interior,  which  is  provided  with  one  or  more 
shelves  upon  which  the  cultures  are  placed.     Various  modifications 
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of  this  simple  and  convenient  incubating  oven  are  manufactured  by 
Rohrbeck  and  by  Miincke,  of  Berlin.  The  apparatus  of  D'Arson- 
val,  and  other  forms  in  favor  at  the  French  capital,  may  be  obtained 
from  Wiesnegg,  of  Paris.  The  last-named  manufacturer  also  sup- 
phes  the  incubating  oven  and  thermo-regulator  recently  described  by 
Roux  (1891).  This  is  shown  in  Fig.  69.  The  regulator  is  formed  of 
two  metallic  bars,  one  of  steel  and  the  other  of  zinc  ;  these  are 
soldered  together  in  the  shape  of  a  letter  U  ;  the  regulator  is  seen  in. 
position  in  the  cut  (Fig.  69).  The  most  dilatable  metal  (zinc)  is  on 
the  outside.  When  the  temperature  is  raised  the  arms  of  the  U  ap- 
proach each  other,  and  the  reverse  when  it  falls.  The  method  by 
which  regulation  is  effected  is  shown  in  Fig.  70.  The  U-shaped 
regulator  is  placed  vertically,  and  one  of  its  branches,  A,  is  firmly 
fixed  to  the  wall  of  the  incubating  oven  ;  the  other,  free  arm  car- 
ries a  horizontal  bar  which  projects  through  the  wall  of  the  incu- 
bator in  an  opening  which  permits  it  to  move  freely  under  the  influ- 
ence of  a  change  in  the  temperature  within.  The  end  of  this 
projecting  bar  is  turned  up  at  a  right  angle  and  the  screw  p  passes 
through  it ;  this  can  be  fixed  at  any  desired  point  by  means  of  the 
nut  e.  The  end  of  the  screw  p  rests  against  the  stem  of  a  coniced 
brass  valve  which  controls  the  flow  of  gas.  The  valve  is  closed  by  a 
spiral  spring  and  opened  by  the  screw  p  under  the  control  of  the 
thermo-regulator. 
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The  pathogenic  power  of  various  bacteria  has  been  demonstrated 
by  injecting  pure  cultures  into  susceptible  animals.  As  a  rule,  the 
herbivora  are  more  susceptible  than  the  camivora,  and  this  is  per- 
haps to  be  explained  in  accordance  Avith  the  theory  of  natural  selec- 
tion. Carnivorous  animals  often  feed  upon  the  bodies  of  animals 
which  have  succumbed  to  infectious  diseases,  and  upon  dead  animals 
in  which  putrefactive  changes  have  commenced.  In  their  struggles 
with  each  other  they  are  woimded  by  teeth  and  claws  soiled  with  in- 
fectious material  which  would  cause  a  fatal  disease  if  inoculated  into 
the  more  susceptible  herbivorous  animals.  As  this  has  been  going 
on  for  ages,  we  may  suppose  that,  by  survival  of  the  fittest,  a  race 
tolerance  has  been  acquired.  The  lower  animals  have  their  own  in- 
fectious diseases,  some  of  which  are  peculiar  to  certain  species  and 
some  common  to  several.  As  a  rule,  the  specific  infectious  diseases 
of  man  cannot  be  transmitted  to  lower  animals,  and  man  is  not  sub- 
ject to  the  diseases  of  the  same  class  which  prevail  among  animals. 
But  certain  diseases  furnish  an  exception  to  this  general  rule.  Thus 
tuberculosis  is  common  to  man  and  several  of  the  lower  animals ; 
relapsing  fever  may  by  inoculation  be  transmitted  to  monkeys  ; 
diphtheria  may  be  transmitted  to  pigeons  and  guinea-pigs.  On  the 
other  hand,  anthrax  and  glanders  may  be  contracted  by  man  as  a 
result  of  accidental  inoculation  or  contact  with  an  infected  animal. 

Nearly  allied  species  sometimes  present  very  remarkable  differ- 
ences as  to  susceptibility.  Thus  the  bacillus  of  mouse  septicaemia  is 
fatal  to  house  mice  but  not  to  field  mice,  while,  on  the  other  hand, 
field  mice  are  killed  by  the  bacillus  of  glanders  and  house  mice  are 
immune  from  this  pathogenic  bacillus. 

The  animals  most  commonly  used  for  testing  the  pathogenic 
power  of  bacteria  are  the  mouse,  the  guinea-pig,  and  the  rabbit. 
Domestic  fowls  and  pigeons  are  also  useful  for  certain  experiments. 
The  dog  and  the  rat  are  of  comparatively  little  use  on  account  of 
their  slight  susceptibility. 
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Inoculations  are  made  directly  into  the  circulation  through  a 
vein,  into  the  subcutaneous  connective  tissue,  or  into  one  of  the 
serous  cavities — usually  the  peritoneal. 

The  ordinary  hypodermic  syringe  may  be  used  in  making  injec- 
tions, but  this  is  difficult  to  sterilize  on  account  of  the  leather  piston, 
and  complications  are  liable  to  arise  from  its  use  which  it  is  best  to 
avoid.  The  best  way  to  sterilize  a  piston  syringe  is  to  wash  it  thor- 
oughly with  a  solution  of  bichloride  of  mercury  of  1  : 1,000,  and  then 
to  remove  every  trace  of  bichloride  by  washing  in  alcohol.  But  one 
never  feels  quite  sure  that  the  most  careful  washing  will  insure  steril- 
ization, and  it  is  best  to  use  a  syringe  which  may  be  sterilized  by 
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heat,  such  as  that  of  Koch,  shown  in  Fig.  71.  In  this  the  metal  point 
and  glass  tube  are  easily  sterilized  in  a  hot-air  oven.  Fluid  is  drawn 
into  the  syringe  and  forced  out  of  it  by  a  rubber  ball  which  has  a 
perforation  to  be  covered  by  the  finger. 

The  writer  has  for  some  j-ears  been  in  the  habit  of  making  injec- 
tions in  animals  with  an  improvised  glass  syringe.  This  is  made 
from  a  piece  of  glass  tubing  in  the  same  form  as  the  collecting  tubes 
heretofore  described.  A  bulb  is  blown  at  one  end  of  the  tube,  and 
the  other  end  is  drawn  out  to  form  a  slender  tube  which  serves  as  the 
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needle  of  the  syringe  (Fig.  72),  By  gently  heating  the  bulb  in  an 
alcohol  lamp  and  immersing  the  open  end  of  the  capillary  tube  in 
the  fluid  to  be  injected,  this  rises  into  the  syringe  as  the  expanded  air 
cools.  Having  introduced  the  glass  point  beneath  the  skin  or  into 
the  cavity  of  the  abdomen  of  the  animal  to  be  injected,  the  contents 
of  the  tube  are  forced  out  by  again  heating  the  bulb  by  means  of  a 
small  alcohol  lamp.  The  glass  point  is  easily  forced  through  the 
thin  skin  of  a  mouse  or  of  a  young  rabbit ;  but  for  animals  with  a 
thicker  skin  it  is  necessary  to  cut  through,  or  nearly  through,  the 
skin  with  some  other  instrument.  A  small  pair  of  curved  scissors 
answers  very  well  for  tliis  purix)se. 
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Generally,  in  making  injections  into  animals,  it  is  customary  to 
remove  the  hair  for  some  distance  around  the  point  of  inoculation 
with  scissors  and  razor,  and  then  to  sterilize  the  surface  by  careful 
washing  with  a  solution  of  bichloride  of  mercury.  This  precaution 
is  necessary  in  researches  in  which  pathogenic  bacteria  are  being 
tested,  in  order  to  remove  any  possibility  of  accidental  inocidation 
with  germs  other  than  those  under  investigation,  and,  as  a  conse- 
quence, a  mistaken  inference  as  to  the  pathogenic  action  of  the  spe- 
cies under  investigation.  But  when  we  know  the  specific  pathogenic 
power  of  a  certain  microorganism  it  is  hardly  necessary  to  take  this 
precaution,  as  a  few  drops  of  culture  will  contain  millions  of  the  bac- 
teria, while  contamination,  if  it  occurs  from  the  surface  of  the  body, 
must  be  by  a  comparatively  small  number  of  bacteria,  which  are 
likely  to  be  of  a  harmless  kind  which  will  have  no  influence  on  the 
result  of  the  experiment. 

Instead  of  sterilizing  the  surface,  the  writer  usually  clips  away  a 
small  portion  of  skin  with  curved  scissors,  not  cutting  deep  enough 
to  draw  blood,  but  leaving  a  bare  surface  through  which  the  point  of 
the  syringe  can  be  introduced  with  very  little  danger  of  carrying  bac- 
teria into  the  connective  tissue  other  than  those  contained  in  the 
syringe. 

In  making  injections  into  the  peritoneal  cavity  care  must  be  taken 
not  to  wound  the  liver  or  the  distended  stomach.  The  intestine  is 
not  very  likely  to  be  wounded,  as  it  slips  out  of  the  way.  By  seizing 
a  longitudinal  fold  of  the  abdominal  wall  and  pushing  the  point  of 
the  syringe  quite  through  it,  and  then  releasing  the  fold  and  care- 
fully withdrawing  the  instrmnent  until  the  point  remains  in  the 
cavity,  the  danger  of  wounding  the  intestine  will  be  reduced  to  a 
minimum. 

Injections  into  the  circulation  are  made  by  exposing  a  vein  and 
carefully  introducing  the  needle  of  the  s}Tange  in  the  direction  of 
the  blood  current.  Care  must  of  course  be  taken  not  to  inject  air. 
In  the  rabbit  one  of  the  large  veins  of  the  ear  may  be  conveniently 
penetrated  by  the  point  of  a  hypodermic  syringe  without  any  pre- 
vious dissection.  The  ear  is  first  washed  with  a  solution  of  bichloride 
of  mercury  or  simply  with  warm  water.  The  animal  had  better  be 
carefully  wrapped  in  a  towel  to  control  its  movements.  The  veins 
are  distended  by  compressing  them  near  the  base  of  the  ear.  When 
the  point  of  the  needle  has  not  been  properly  introduced,  and  the 
fiuid  to  be  injected  escapes  in  the  surrounding  connective  tissue,  it 
will  commonly  be  best  to  withdraw  the  syringe  and  make  the 
attempt  upon  another  vein.  As  pointed  out  by  Abbott,  the  needle 
of  the  syringe  should  be  ground  fiat  at  the  point,  and  not  curved  as 
is  commonly  the  case. 
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Large  quantities  of  fluid  may  be  injected  into  the  cavity  of  the 
abdomen  or  into  the  circulation  by  slowly  forcing  the  fluid  through 
a  slender  canula,  properly  introduced,  which  is  coupled  with  a  large 
syringe  by  means  of  rubber  tubing,  or  with  a  glass  receptacle  from 
which  the  fluid  is  forced  by  the  pressure  of  air  pumped  in  with  a 
rubber  hand  ball. 

Mice  are  usually  injected  subcutaneously  near  the  tail.  The 
Kttle  animal  is  first*  seized  by  a  long  pair  of  forceps,  or  **  mouse 
tongs,  and  the  hair  is  clipped  away  on  the  back  just  above  the  tail. 
If  solid  material  is  to  be  introduced  a  little  pocket  is  made  with  scis- 
sors or  with  a  lancet,  into  which  the  infectious  material  is  carried  by 
means  of  a  platinum  needle  or  slender  forceps.  Liquids  may  be  in- 
jected by  the  little  glass  syringe  heretofore  described,  the  point  of 
which  is  easily  forced  through  the  skin. 

Pasteur's  method  of  inoculating  rabbits  with  the  virus  of  hydro- 
phobia consists  in  trephining  the  skull  and  injecting  the  material 
beneath  the  dura  mater.  An  incision  through  the  skin  is  first  made 
to  one  side  of  the  median  line  a  short  distance  back  of  the  eyes. 
The  edges  of  the  wound  are  separated,  and  a  small  trephine  (five  or 
six  millimetres  in  diameter)  is  used  to  remove  a  button  of  bone.  The 
emulsion  of  spinal  cord  from  a  hydrophobic  animal  is  then  carefully 
injected  beneath  the  dura  mater — ^two  or  three  drops  will  be  sufficient. 
The  wound  is  washed  out  with  a  two-per-cent  solution  of  carbolic 
acid  and  closed  with  a  couple  of  sutures. 

Lijections  into  the  intestine  are  made  by  carefully  opening  the 
abdomen  with  antiseptic  precautions,  gently  seizing  a  loop  of  the  in- 
testine, and  passing  the  point  of  the  syringe  through  its  walls  ;  the 
loop  is  then  returned  and  the  incision  in  the  walls  of  the  abdomen 
carefully  closed  with  sutures  and  dressed  antiseptically. 

Inoculations  into  the  anterior  chamber  of  the  eye  of  rabbits  and 
other  animals  have  frequently  been  practised,  and  offer  certain  ad- 
vantages in  the  study  of  the  local  effects  of  pathogenic  microorgan- 
isms. The  animal  should  be  fastened  to  an  operating  board,  belly 
down,  and  its  head  held  by  an  assistant,  who  at  the  same  time  holds 
the  eyelids  apart.  The  conjunctiva  is  seized  with  forceps  to  steady 
the  eye,  and  an  incision  about  two  millimetres  long  is  made  through 
the  cornea  with  a  cataract  knife.  Through  this  opening  a  small 
quantity  of  a  liquid  culture  may  be  injected,  or  a  bit  of  solid  material 
introduced  with  slender  curved  forceps. 

Ordinary  injections  give  but  httle  pain  and  do  not  call  for  the  use 
of  an  an£Bsthetic.  When  anaesthesia  is  required  ether  will  usually 
be  preferable  to  chloroform.  Rabbits,  especially,  are  very  apt  to  die 
from  chloroform,  no  matter  how  carefidly  it  may  be  administered. 
Dog?,  rats,  and  mice  stand  ether  very  well.  The  smaller  animals 
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may  be  brought  under  the  ans&sthetic  by  placmg  them  in  a  covered 
jar  into  vrhich  a  pledget  of  cotton  wet  with  ether  has  been  dropped. 
Before  makmg  injections  into  the  anterior  chamber  of  the  eye  it  is 
well  to  use  a  two-per-cent  solution  of  cocaine  as  a  local  anaBsthetic. 

Mice  which  have  been  inoculated  are  usually  kept  in  a  glass  jar 
having  a  wire-gauze  cover.  A  quantity  of  cotton  is  put  into  the  jar 
to  serve  as  a  shelter  for  the  little  animal,  and  it  is  well  to  partly  fill 
the  jar  with  dry  sawdust.  Larger  animals  are  kept  in  suitable  cages 
of  wire  or  wood,  and,  as  a  rule,  each  one  should  be  kept  in  a  separate 
cage  while  under  observation  after  an  inoculation  experiment. 

In  experimenting  upon  animals  the  following  points  should  be 
kept  in  view  and  noted  : 

(a)  The  age  and  weight  of  the  animal.  Young  animals  are,  as 
a  rule,  more  susceptible  than  older  ones,  and  with  many  pathogenic 
bacteria  the  lethal  dose  of  a  culture  bears  some  relation  to  the  size 
of  the  animal. 

(6)  The  point  of  inoculation.  Injections  into  the  circulation 
are  generally  more  promptly  fatal  and  require  a  smaller  dose  than 
those  into  a  serous  cavity  or  into  the  connective  tissue.  Pathogenic 
bacteria  introduced  into  the  abdominal  cavity  reach  the  circulation 
more  promptly  than  those  injected  subcutaneously.  But  certain 
microorganisms  owe  their  pathogenic  power  to  the  local  effect  about 
the  point  of  inoculation  and  the  absorption  of  toxic  products  formed 
in  the  limited  area  invaded,  and  do  not  enter  the  general  circulation, 
or  at  least  do  nqt  multiply  in  the  circulating  fluid,  and  quickly  dis- 
appear from  it. 

(6)  The  age  of  the  culture  injected.  Old  cultures  sometimes 
have  greater  and  sometimes  less  pathogenic  potency  than  recent  cul- 
tures. Some  kinds  of  virus  become  **  attenuated  "  when  kept.  But 
when  the  pathogenic  power  depends  chiefly  upon  toxic  products 
formed  during  the  growth  of  the  bacteria,  old  cultures  are,  as  a  rule, 
more  potent  than  those  recently  made. 

(d)  The  medium  in  which  the  pathogenic  bacteria  are  sus- 
pended. Cultures  in  albuminous  media,  like  blood  serum,  are  in 
some  cases  more  potent  than  bouillon  cultures  ;  and  the  virulence  of 
several  pathogenic  bacteria  is  greatly  intensified  by  successive  cul- 
tures— ^by  inoculation — ^in  the  bodies  of  susceptible  animals.  Ogston 
found  that  pus  cocci  cultivated  in  the  interior  of  eggs  had  an  in- 
creased virulence.  According  to  Arloing,  Cornevin,  and  Thomas, 
the  activity  of  a  culture  of  the  bacillus  of  symptomatic  anthrax  is 
doubled  by  adding  one-five-hundredth  part  of  lactic  acid  to  the  cul- 
ture fluid. 

(e)  The  quantity  injected  is  evidently  an  essential  point  when 
the  result  depends  largely  upon  the  toxic  products  formed  in  the  cul- 
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ture  medium.  It  is  also  an  essential  point  when  pathogenic  bacteria 
are  injected  which  kill  susceptible  animals  in  verj'  minute  doses,  for 
it  has  been  shown  by  the  experiments  of  Watson  Cheyne  and  others 
that  in  the  case  of  some  of  these,  at  least,  there  is  a  limit  below 
which  infection  does  not  occur. 

Inoculated  animals  should  be  carefully  observed,  and  a  note 
made  of  every  sjrmptom  indicating  a  departure  from  the  usual  con- 
dition of  health,  such  as  fever,  less  of  activity,  loss  of  appetite, 
weakness,  emaciation,  diarrhcea,  convulsions,  dilated  pupils,  the  for- 
mation of  an  abscess  or  a  diffuse  cellulitis  extending  from  the  point 
of  inoculation,  etc.  The  temperature  is  usually  taken  in  the  rectum. 
The  temperature  of  small  animals,  like  rabbits  and  guinea-pigs,  va- 
ries considerably  as  a  result  of  external  conditions.  In  the  rabbit 
the  normal  temperature  may  be  given  as  about  102*^  to  103°  F.  ;  in 
the  guinea-pig  it  is  a  little  lower. 

In  making  a  post-mortem  examination  of  an  inoculated  animal  it 
is  best  to  stretch  it  out  on  a  board,  belly  up,  by  tying  its  legs  to  nails 
or  screws  fastened  in  the  margin  of  the  board.  When  the  abdomen 
is  dirty,  as  is  usually  the  case,  it  should  be  carefully  washed  with  a 
disinfecting  solution.  An  incision  through  the  skin  is  then  made  in 
the  median  line  the  full  length  of  the  body,  and  the  skin  is  dis- 
sected back  so  as  to  expose  the  anterior  walls  of  the  abdomen  and 
thorax.  These  cavities  are  then  carefully  opened  with  a  sterilized 
knife  or  scissors,  and  the  various  organs  and  viscera  examined.  At- 
tention should  also  be  given  to  the  appearances  at  the  point  of  in- 
oculation. To  ascertain  whether  the  microorganism  injected  has 
invaded  the  blood,  smear  preparations  should  be  made  with  blood 
obtained  from  a  vein  or  from  one  of  the  cavities  of  the  heart.  It 
will  be  well  also  to  make  a  smear  preparation  from  a  cut  surface  of 
the  liver  and  spleen.  In  the  various  forms  of  acute  septicaemia  the 
spleen  is  usually  found  to  be  enlarged.  If  but  few  microorganisms 
are  present  in  the  blood  and  tissues  they  may  escape  observation  in 
stained  smear  preparations,  and  it  will  be  necessary  to  make  cultures 
to  demonstrate  their  presence.  A  little  blood  from  a  vein  or  from 
one  of  the  cavities  of  the  heart  is  transferred,  by  means  of  a  plati- 
num loop  (ose)  or  a  sterilized  collecting  tube  (see  page  38),  to  a 
test  tube  containing  liquefied  nutrient  gelatin  or  agar-agar,  and  an 
Esmarch  roll  tube  is  made.  This  is  put  aside  for  the  development  of 
colonies  from  any  scattered  bacteria  which  may  be  present.  As  a 
rule,  it  will  be  best  to  make  agar  cultures,  as  these  can  be  placed  in 
the  incubating  oven  at  35°  to  38°  C.  Stick  cultures  may  also  be 
made  and  will  serve  to  show  the  presence  of  microorganisms,  but 
will  not  give  information  as  to  how  numerous  they  may  be.  The 
roll  tube  also   has  the  advantage  of   showing  whether  there  is  a 
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mixed  infection  or  whether  a  pure  culture  of  a  single  microorganism 
is  obtained  from  the  blood.  In  the  same  way  cultures  may  be  made 
from  material  obtained  from  the  liver  or  spleen,  and  it  may  happen 
that  one  or  both  of  these  organs  contain  bacteria  when  none  are 
found  in  the  blood.  Before  passing  the  platinum  needle  or  collect- 
ing tube  into  the  organ,  the  surface,  which  has  been  more  or  less  ex- 
posed to  contamination,  should  be  sterilized  by  applying  to  it  a  hot 
spatula ;  then  at  the  moment  of  hfting  the  spatula  the  sterilized 
needle  is  introduced  into  the  interior  of  the  organ,  and  the  blood  and 
crushed  tissue  adhering  to  it  at  once  carried  over  to  the  culture  me- 
dium. Or  blood  obtained  with  proper  precautions  from  a  vein,  a 
cavity  of  the  heart,  or  the  interior  of  the  spleen  or  liver,  may  be 
used  to  inoculate  another  animal. 

Animals  are  also  sometimes  inoculated  by  excoriating  the  cutis 
as  in  vaccination.  They  may  also,  in  rare  cases,  be  infected  by  in- 
troducing cultures  into  the  stomach,  either  mixed  with  the  food  in- 
gested or  by  injection  through  a  tube.  Infection  by  inhalation  is 
accomplished  by  causing  the  animal  to  respire  an  atmosphere,  in  a 
properly  enclosed  space,  in  which  the  pathogenic  organism  is  sus- 
pended, by  the  use  of  a  spray  apparatus  for  liquid  cultures,  or 
some  form  of  powder  blower  for  powders  containing  the  bacteria  in 
a  desiccated  condition. 

One  method  of  obtaining  a  pure  culture  of  pathogenic  bacteria 
consists  in  the  inoculation  of  susceptible  animals  with  material  con- 
taining a  pathogenic  species  in  association  with  others  which  are  not. 
When  the  blood  is  invaded  by  the  pathogenic  species  and  the  animal 
dies  from  an  acute  septicaemia,  we  may  usually  obtain  a  pure  cul- 
ture by  inoculating  a  suitable  culture  medium  with  a  minute  drop  of 
blood  taken  from  a  vein  or  from  one  of  the  cavities  of  the  heart. 
Sometimes,  however,  a  mixed  infection  occurs  and  some  other  mi- 
croorganism is  associated  in  the  blood  with  that  one  which  was  the 
immediate  cause  of  the  death  of  the  animal. 
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Well-made  photomicrographs  are  unquestionably  superior  to 
drawings  made  by  hand  as  a  permanent  record  of  morphological 
characters.  This  being  the  case,  bacteriologists  would  no  doubt  re- 
sort to  this  method  more  generally  but  for  the  technical  diflSculties 
and  the  time  and  patience  required  in  overcoming  these.  Koch,  in 
his  earlier  studies,  gave  much  time  to  photographing  bacteria,  and 
with  very  remarkable  success.  In  his  work  on  "  Traumatic  Infec- 
tive Diseases  "  (1878)  he  says  : 

"With  respect  to  the  illustrations  accompanying  this  work,  I 
must  here  make  a  remark.  In  a  former  paper '  on  the  examination 
and  photographing  of  bacteria  I  expressed  the  wish  that  observers 
would  photograph  pathogenic  bacteria  in  order  that  their  representa- 
tions of  them  might  be  as  true  to  nature  as  possible.  I  thus  felt 
bound  to  photograph  the  bacteria  discovered  in  the  animal  tissues  in 
traumatic  infective  diseases,  and  I  have  not  spared  trouble  in  the 
attempt.  The  smallest,  and  in  fact  the  most  interesting  bacteria, 
however,  can  only  be  made  visible  in  animal  tissues  by  staining 
them  and  by  thus  gaining  the  advantage  of  color.  But  in  this  case 
the  photographer  has  to  deal  with  the  same  difficulties  as  are  expe- 
rienced in  photographing  colored  objects — e.g.,  colored  tapestry. 
These  have,  as  is  well  known,  been  overcome  by  the  use  of  colored 
collodion.  This  led  me  to  use  the  same  method  for  photographing 
stained  bacteria,  and  I  have,  in  fact,  succeeded,  by  the  use  of  eosin- 
coUodion,  and  by  shutting  ofif  portions  of  the  spectrum  by  colored 
glasses,  in  obtaining  photographs  of  bacteria  which  had  been  stained 
with  blue  and  red  aniline  dyes.  Nevertheless,  from  the  long  ex- 
posure required  and  the  unavoidable  vibrations  of  the  apparatus,  the 
picture  does  not  have  sharpness  of  outline  sufficient  to  enable  it  to  be 
of  use  as  a  substitute  for  a  drawing,  or,  indeed,  even  as  evidence  of 
what  one  sees.  For  the  present,  therefore,  I  must  abstain  from  pub- 
lishing photographic  representations ;  but  I  hope,  at  a  subsequent 
period  when  improved  methods  allow  a  shorter  exposure,  to  be  able 
to  remedy  this  defect. " 

>  The  paper  referred  to  is  published  in  Colin^s  "Beitrflge  zur  Biologie  d.  Pflanznn/* 
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Since  the  above  was  written  considerable  progress  has  been  made 
in  removing  the  technical  difficulties^  and  a  few  bacteriologists  have 
succeeded  in  making  very  satisfactory  photomicrographs.  As  speci- 
mens of  what  may  be  done  with  the  best  apparatus  and  the  highest 
degree  of  skill,  we  may  call  attention  to  the  photomicrographs  in 
the  Atlas  der  Bakterienkunde  of  Frankel  and  Pfeiffer,  and  those 
of  Roux  in  the  Annales  of  the  Pasteur  Institute,  The  writer,  also, 
has  devoted  much  time  to  making  photomicrographs  which  have 
served  as  illustrations  for  several  of  his  published  works. 

Those  who  have  had  no  practical  experience  in  making  photo- 
micrographs are  apt  to  expect  too  much  and  to  underestimate  the 
technical  difficulties.  Objects  which  under  the  microscope  give  a 
beautiful  picture,  which  we  desire  to  reproduce  by  photography,  may 
be  entirely  unsuited  for  the  purpose.  In  photographing  with  high 
powers  it  is  necessary  that  the  objects  to  be  photographed  be  in  a 
single  plane  and  not  crowded  together  or  overlying  each  other. 
For  this  reason  photographing  bacteria  in  sections  presents  special 
difficulties,  and  satisfactory  results  can  only  be  obtained  when  the 
sections  are  extremely  thin  and  the  bacteria  well  stained.  Even 
with  the  best  preparations  of  this  kind  much  care  must  be  taken  in 
selecting  a  field  for  photography.  It  must  be  remembered  that  the 
expert  microscopist,  in  examining  a  section  with  high  power's,  has 
his  finger  on  the  fine  adjustment  screw  and  focuses  up  and  down  to 
bring  different  planes  into  view.  He  is  in  the  habit  of  fixing  his  at- 
tention on  that  part  of  the  field  which  is  in  the  focus  and  disregard- 
ing the  rest.  But  in  a  photograph  the  part  of  the  field  not  in  focus 
appears  in  a  prominent  way  which  mars  the  beauty  of  the  picture. 
In  a  cover-glass  preparation  made  from  a  pure  culture,  when  the 
bacteria  are  well  distributed,  this  difficulty  does  not  present  itself,  as 
the  bacteria  are  all  lying  in  a  single  plane;  but  the  portion  of  the  field 
which  can  be  shown  at  one  time  is  limited  by  the  spherical  aberra- 
tion of  the  objective,  which  the  makers  do  not  seem  able  to  overcome 
in  high-power  lenses  of  wide  angle,  at  least  not  without  loss  of  de- 
fining power. 

Usually  preparations  of  bacteria  are  stained  for  photography, 
but  with  some  of  the  larger  forms,  such  as  the  anthrax  bacillus, 
very  satisfactor}'-  photomicrographs  may  be  made  from  imstained 
preparations.  In  this  case  a  small  quantity  of  a  recent  culture  is 
put  upon  a  slide,  covered  with  a  thin  cover  glass,  and  placed  at  once 
upon  the  stage  of  the  microscope.  The  main  difficulty  to  be  encoun- 
tered results  from  the  change  of  location  of  the  suspended  bacteria 
resulting  from  the  pressure  of  the  objective  in  focussing.  Motile 
bacteria,  of  course,  cannot  be  photographed  in  this  way  without  first 
arresting  their  movements   by  means  of   some  germicidal  agent ; 
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and  in  general  it  will  be  found  more  satisfactory  to  fix  the  micro- 
organisms to  be  photographed  to  a  slide  or  cover  glass  by  desiccation 
and  heat,  and  to  stain  them  with  one  of  the  aniline  colors. 

Objects  which  are  opaque  cannot  be  photographed  by  transmitted 
light,  and  objects  which  have  a  deep  orange  or  red  color  are  practi- 
cally opaque  for  the  actinic  rays  which  are  at  the  violet  end  of  the 
spectrum.  Such  objects  simply  intercept  the  light,  but  this  gives 
the  outlines,  and,  where  there  are  no  details  of  structure,  is  all  that 
is  required  to  illustrate  the  form  and  mode  of  grouping.  Softer  and 
more  satisfactory  photomicrographs  of  bacteria  are  made  when  the 
staining  is  not  such  as  to  entirely  arrest  the  actinic  rays.  Among 
the  aniline  colors  Bismarck  brown  and  vesuvin  are  the  most  suitable, 
care  being  taken,  with  the  larger  bacteria  especially,  not  to  make 
the  staining  too  intense.  Objects  which  are  transparent  for  the  ac- 
tinic rays,  or  nearly  so,  give  a  very  feeble  photographic  image,  or 
none  at  all,  on  account  of  the  want  of  contrast  in  the  impression 
made  upon  the  sensitive  plate.  This  is  the  case  when  we  attempt  to 
photograph,  by  ordinary  white  light,  objects  which  are  stained  violet 
or  blue.  But  this  want  of  contrast  in  the  negative  can  be  overcome 
by  the  use  of  specially  prepared  plates  and  colored  screens  of  glass 
interposed  between  the  object  and  the  source  of  light.  The  so-called 
orthochromatic  plates  are  more  sensitive  to  the  rays  toward  the  red 
end  of  the  spectrum  than  ordinary  plates.  They  are  prepared  by 
treating  the  plates  with  a  solution  of  eosin,  of  erythrosin,  or  of  rose 
bengal  (Vogel),  and  may  now  be  purchased  in  this  country  from 
dealers  in  dry  plates.  If  we  shut  off  the  violet  rays  by  the  use  of  a 
yellow  screen,  objects  having  a  yellow  or  orange  color  may  be  pho- 
tographed upon  orthochromatic  plates,  although  the  time  of  exposure 
will  be  quite  long  owing  to  the  comparatively  feeble  actinic  power 
of  the  yellow  rays. 

We  may  also  make  photomicrographs  of  objects  stained  with 
methylene  blue  or  with  fuchsin,  because  objects  stained  with  these 
colors  are  opaque  for  the  rays  from  the  red  end  of  the  spectrum,  and 
sufficiently  so  with  yellow  light  to  give  a  good  photographic  con- 
trast. Frankel  and  Pfeiffer  recommend  the  use  of  a  green  light-fil- 
ter (green  glass  screen)  for  all  preparations  stained  with  methyl  vio- 
let, fuchsin,  or  methylene  blue;  and  for  brown-stained  preparations  a 
pure  blue  light.  The  writer  has  been  in  the  habit  of  using  a  yellow 
glass  screen  for  fuchsin-stained  preparations,  and  has  had  excellent 
results,  but  the  time  of  exposure  is  necessarily  long.  A  yellow  glass 
screen  may  be  prepared  by  dissolving  tropaeolin  in  negative  varnish, 
and  pouring  this  upon  a  clean  glass  slide,  where  it  is  permitted  to 
dry. 

To  show  bacteria  in  photographs  in  a  satisfactory  manner  we 
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require  an  amplification  of  five  hundred  to  one  thousand  diameters  ; 
and  as  it  is  often  desirable  to  make  comparisons  as  to  the  dimen- 
sions of  microorganisms  which  resemble  each  other  in  form,  it  is 
best  to  adopt  a  standard  amplification.  The  writer  has  himself 
adopted,  and  would  recommend  to  others,  a  standard  amplification 
of  one  thousand  diameters.  This  is  about  as  high  a  magnifying 
power  as  we  can  get  with  satisfactory  definition,  or  as  we  require, 
and  it  is  a  convenient  number  when  measurements  are  made  from 
the  photograph.  The  beginner,  after  having  put  his  apparatus  in 
position,  should  focus  the  lines  of  a  stage  micrometer  upon  the 
screen  with  the  optical  apparatus  which  he  proposes  to  use  ;  then  by 
moving  the  screen  forward  or  back  as  required,  and  carefully  focus- 
sing the  lines,  he  will  ascertain  what  is  the  position  of  the  screen  for 
exactly  one  thousand  diameters.  If  the  stage  micrometer  is  ruled 
with  lines  which  are  one  one-thousandth  of  an  inch  apart,  it  is  evi- 
dent that  when  projected  upon  the  screen  they  should  be  one  inch 
apart  to  make  the  amplification  one  thousand  diameters.  But  it 
must  be  remembered  that  any  change  in  the  position  of  the  optical 
combination  will  change  the  amplification.  If,  therefore,  the  cover 
correction  of  the  objective  is  changed,  or  the  position  of  the  eyepiece 
— if  one  is  used — ^it  will  be  necessary  to  again  adjust  the  distance  of 
the  screen. 

Apparatus  required. — A  first-class  immersion  objective  of  one- 
twelfth  of  an  inch  or  higher  power,  a  substantial  stand  which  can  be 
placed  in  a  horizontal  position,  and  a  camera  which  can  be  coupled 
with  the  microscope  tube,  are  the  essential  pieces  of  apparatus.  If 
sunlight  is  to  be  used  a  heliostat  will  also  be  required. 

The  oil-immersion  objectives  of  any  good  maker  may  be  used, 
but  the  apochromatic  objectives  and  projection  eyepieces  of  Carl 
Zeiss,  of  Jena,  are  especially  to  be  recommended.  Indeed,  those  who 
can  afford  it  will  do  well  to  get  Zeiss'  complete  apparatus,  which 
includes  a  stand  having  a  mechanical  stage  and  a  camera  mounted 
upon  a  metal  frame  conveniently  provided  with  focussing  appliances, 
etc.  However,  good  work  may  be  done  with  less  expensive  appa- 
ratus. 

The  stand  should  be  substantial  and  well  made,  with  a  delicate, 
fine  adjustment.  A  mechanical  stage  is  not  essential,  but  is  a  great 
convenience  in  finding  and  adjusting  to  the  centre  of  the  screen  a 
satisfactory  field  to  photograph.  The  substage  should  be  provided 
with  a  good  apochromatic  condenser,  and  with  appliances  for  moving 
the  condensing  lens  forward  and  back  and  for  centring  it,  with  dia- 
phragms, etc. 

By  the  use  of  a  high-power  objective,  like  the  one-eighteenth-inch 
oil-immersion  of  Zeiss,  the  desired    amplification  may  be  obtained 
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without  the  use  of  an  eyepiece  ;  and,  as  a  rule,  it  is  best  not  to  use 
an  ordinary  eyepiece  to  secure  increased  amplification,  as  this  is  ob- 
tained at  the  expense  of  definition.  But  an  amplifier  may  be  used  in 
the  tube  of  the  microscope,  as  first  recommended  by  Woodward.  In 
this  case  the  amplifier  must  be  carefully  adjusted  with  reference  to 
the  distance  of  the  screen,  to  secure  the  best  possible  definition. 

The  projection  eyepieces  of  Zeiss  are  constructed  especially  for 
photography  and  possess  a  decided  advantage.  By  the  use  of  his 
three-millimetre  apochromatic  oil-immersion  objective  and  projec- 
tion eyepiece  No.  3  we  may  obtain  an  amplification  of  one  thousand 
diameters  with  excellent  definition. 

Light — Sunlight  is  in  many  respects  the  most  satisfactory'  for 
photography,  but  has  the  disadvantage  that  it  is  not  always  available. 
In  some  sections  of  the  country  weeks  may  pass  without  a  single 
clear  day  suitable  for  making  photomicrographs.  In  addition  to  the 
uncertainty  arising  from  cloudy  weather,  we  have  to  contend  with 
the  fact  that  the  sun  is  only  available  for  use  with  a  heliostat  for  a 
limited  time  during  each  day,  and  that  this  time  is  greatly  restricted 
in  Northern  latitudes  during  the  winter  months.  When  sunlight  is 
to  be  employed  the  microscope  and  camera  must  be  set  up  in  a  room 
havii^  a  southern  exposure  on  a  line  corresponding  with  the  true 
meridian  of  the  place.  The  heliostat  is  placed  outside  the  window  in 
Mich  a  position  that  when  properly  adjusted  the  Ught  of  the  sun  will 
fall  upon  the  condenser  attached  to  the  substage  of  the  microscope. 
The  condenser  must  be  carefully  centred,  so  that  the  circle  of  light 
falling  upon  the  screen  shall  be  uniform  in  intensity  and  outline. 

The  calcium,  magnesium,  or  electric  light  may  be  used  as  a  sub- 
stitute for  sunlight,  but  they  are  all  rather  expensive,  unless,  in  the 
case  of  the  electric  light,  a  suitable  current  is  available  without  the 
expense  of  generating  it  for  the  special  purpose  in  view.  The  writer 
has  obtained  very  good  results  with  the  calcium  light,  but  has  no  ex- 
perience in  the  use  of  the  electric  light.  Woodward,  as  a  result  of 
extended  experiments,  arrived  at  the  conclusion  that  *' the  electric 
light  is  by  far  the  best  of  all  artificial  lights  for  the  production  of 
photomicrographs."  He  used  a  Grove  battery  of  fifty  elements  to 
generate  the  current,  and  a  Duboscq  lamp.  The  current  from  a 
dynamo  would  no  doubt  be  much  cheaper  and  more  conveniently 
used,  if  an  electric-hghting  plant  was  in  the  vicinity. 

The  apparatus  shown  in  Fig.  73  was  designed  by  Mr.  Pringle  for 
the  use  of  the  calcium  hght.  It  will  serve  to  illustrate  the  arrange- 
ment of  the  microscope  and  camera  in  connection  with  any  other 
light  as  well.  An  oil  lamp  may  be  placed  in  the  position  of  the  oxy- 
hydrogen  burner  ;  or,  if  sunlight  is  to  be  employed,  a  heliostat  will 
be  placed  in  the  same  position. 
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When  a  colored  screen  is  used  this  may  be  placed  either  before 
or  behind  the  condensing  lens — ^we  prefer  to  place  it  behind,  although 


6 


Neuhauss  has  shown  that  it  makes  no  difference  in  the  length  of  the 
exposure. 

We  cannot  in  the  present  volume  give  full  details  with  reference 
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to  the  technique  of  making  photomicrographs,  but  append  an  account 
of  a  form  of  apparatus  which  we  have  used  with  great  satisfaction  : 

''Photomicrography  by  Oadight. — ^Those  who  have  had  much  experience 
in  making  photomicrographs  will  agree  with  me  that  one  of  the  most  essen- 
tial elements  of  success  is  the  use  of  a  suitable  source  of  illumination. 

''  Without  question  the  direct  light  of  the  sun,  reflected  in  a  right  line  by 
the  mirror  of  a  heliostat,  is  the  most  economical  and,  in  some  respects,  the 
most  satisfactory  light  that  can  be  used.  But  we  cannot  command  this  light 
at  all  times  and  places,  and  it  often  happens  that,  when  we  are  readv  to  de- 
vote a  day  to  making  photomicro^rapns,  the  sun  is  obscured  by  clouds  or 
the  atmosphere  is  hazy.  Indeed,  in  some  latitudes  and  at  certain  seasons  of 
the  year  a  suitable  day  for  the  purpose  is  extremely  rare.  The  use  of  sun- 
light also  requires  a  room  having  a  southern  exposure  and  elevated  above  all 
surrounding  buildings  or  other  objects  by  which  the  direct  rays  of  the  sun 
would  be  intercepted.  For  these  reasons  a  satisfactory  artificial  light  is  ex- 
tremelv  desirable. 

*'  The  oxvhydrogen  lime  light,  the  magnesium  li^ht,  and  the  electric  arc 
li^ht  have  all  been  employed  as  a  substitute  for  the  light  of  the  sun,  and  all 
give  satisfactory  results.  I  have  myself  made  rather  extensive  use  of  the 
'lime  light/  and  think  it  the  best  substitute  for  solar  light  with  which  I 
am  famuiar.  But  to  use  it  continuously,  day  after  day,  is  attended  with 
considerable  expense,  and  the  frequent  renewal  of  the  supply  of  gas  which 
it  calls  for  is  an  inconvenience  which  one  would  gladly  dispense  with. 

^^  These  considerations  have  led  some  microscopists  to  use  an  oil  lamp  as 
the  source  of  illumination,  and  very  satisfactory  photomicrographs  with 
comparatively  high  power  have  been  made  with  this  cheap  andconvenient 
light.  But  in  my  experience  the  best  illumination  which  I  have  been  able 
to  secure  with  an  oil  lamp  has  called  for  very  long  exposures  when  working 
with  high  powers,  and,  as  most  of  rav  photomicrographs  of  bacteria  are 
made  with  an  amplification  of  one  thousand  diameters,  I  require  a  more 
powerful  illumination  than  I  have  been  able  to  secure  in  this  way.  And 
especially  so  because  of  the  fact  that  a  colored  screen  must  be  inter{K>sed, 
wbich  shuts  off  a  large  portion  of  the  actinic  rays,  on  account  of  the  staining 
agent  usually  employed  in  making  my  mounts.  The  most  satisfactory 
staining  agents  for  the  bacteria  are  an  aqueous  solution  of  fuchsin,  or  of 
methylene  l?lue,  or  of  gentian  violet ;  and  all  of  these  colors  are  so  nearly 
transparent  for  the  actinic  rays  at  the  violet  end  of  the  spectrum  that  a 
satisfactory  photographic  contrast  cannot  be  obtained  unless  we  shut  off 
these  rays' by  a  colored  screen. 

''  I  am  in  the  habit  of  using  a  yellow  screen  for  my  preparations  stained 
with  fuchsin  or  methylene  blue,  and  have  obtained  very  satisfactory  results 
with  the  orthochromatic  plates  manufactured  by  Carbutt,  of  Philadelphia, 
and  a  glass  screen  coated  with  a  solution  of  tropaeolin  dissolved  in  gelatin. 

'*  But  with  such  a  screen,  which  shuts  off  a  large  portion  of  the  actinic 
light  and  increases  the  time  of  exposure  three-  or  fourfold,  the  use  of  an 
oil  lamp  becomes  impracticable  with  high  powers,  on  account  of  the  feeble- 
ness of  the  Ulumination. 

*' These  considerations  have  led  me  to  experiment  with  gaslight,  and  the 
simple  form  of  apparatus  which  I  am  about  to  describe  is  the  result  of  these 
experiments.  I  nave  now  had  the  apparatus  in  use  for  several  months, 
during  which  time  I  have  made  a  large  number  of  very  satisfactory  photo- 
micrographs of  bacteria  from  f uchsin-stained  preparations  with  an  amplifica- 
tion of  one  thousand  diameters.  My  photographs  have  been  made  with  the 
three-millimetre  oil-immersion  apocnromatic  ODJective  of  Zeiss  and  his  pro- 
jection eyepiece  No.  3.  I  use  a  large  Powell  and  Lealand  stand,  upon  the 
substage  of  which  I  have  fitted  an  Abbe  condenser.  The  arrangement  of 
the  apparatus  will  be  readily  understood  by  reference  to  the  accompanying 
figure. 

*'A  is  the  camera,  which  has  a  pyramidal  bellows  front  supported  by  the 
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heavy  block  of  wood  B;  this  can  be  pushed  back  upon  the  baseboard  which 
supports  it,  so  as  to  allow  the  operator  to  place  his  eye  at  the  eyepiece  of  the 
microscope.  When  it  is  brought  forward  an  aperture  of  the  proper  size  ad- 
mits the  outer  extremity  of  the  eyepiece  and  shuts  off  all  li^nt  except  that 
coming  through  the  obiective.  O  is  the  microscope,  and  D  the  Abbe  con- 
denser, supported  upon  the  substage.  E  is  a  thick  asbestos  screen  for  pro- 
tecting the  microscope  from  the  heat  given  off  by  the  battery  of  gas  burners 
F.  This  asbestos  screen  has  an  aperture  of  proper  dimensions  to  admit  the 
light  to  the  condenser  D.  The  gas  burners  are  arranged  in  a  series,  with 
the  flat  portion  of  the  flame  facing  the  aperture  in  me  asbestos  screen  E. 
The  concave  metallic  mirror  G  is  properly  placed  to  reflect  the  light  in  the 
desired  direction.  I  have  not  found  any  advantage  in  the  use  of  a  condens- 
ing lens  other  than  the  Abbe  condenser  upon  the  substage  of  the  microscope. 
The  focussing  is  accomplished  by  means  of  the  rod  I,  which  carries  at  one 
extremity  a  grooved  wheel,  H,  which  is  connected  with  the  fine  adjustment 
screw  of  the  microscope  by  means  of  a  cord. 

'*  The  focussing  wheel  J  may  be  slipped  along  the  rod  I  to  any  desired 
position,  and  is  retained  in  place  by  a  set  screw.    The  rod  I  is  supported 
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above  the  camera  by  arms  depending  from  the  ceiling,  or  by  upright  arms 
attached  to  the  baseboard. 

**I  have  lost  many  plates  from  a  derangement  of  the  focal  adjustment 
resulting  from  vibrations  caused  bv  the  passing  of  loaded  wagons  in  the 
street  acQoining  the  laboratory  in  which  I  work.  This  has  been  overcome 
to  a  great  degree  by  placing  soft  rubber  cushions  under  the  whole  appa- 
ratus."» 

Students  who  desire  to  perfect  themselves  in  the  art  of  making 
photomicrographs  are  advised  to  first  make  themselves  familiar  with 
the  technique  of  photography  with  a  landscape  or  portrait  camera, 
and  not  to  undertake  the  more  difficult  task  of  photographing  bac- 
teria until  they  know  how  to  make  a  good  negative  and  to  judge 
whether  an  exposure  has  been  too  long  or  too  short,  etc. 

»  Prom  Johns  Hopkins  University  Circulars,  vol.  ix.,  No.  81,  p.  72. 
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PLATE  I. 

PHOTOMICROGRAPHS  OF  BACTERIA  MADE  BT  OASUGHT. 

PiQ.  1. — Stareptococcus  cadaveris,  from  a  culture  in  agua  coco ;  stained 
with  f uchsin.     x  1,000.     (Sternberg. ) 

Fig.  2. — Streptococcus  Havaniensis.  x  1,000.  From  a  photomicrog^raph. 
(Sternberg.) 

Fig.  3. — Bacillus  cuniculicida  Havaniensis,  from  peritoneal  cavity  of 
inoculated  rabbit,  showing  leucocytes  containing  bacilli  and  free  bacilli; 
stained  with  fuchsin.     x  1,000.    (Sternberg.) 

Pig.  4. — Bacillus  cadaveris,  smear  preparation  from  yellow-fever  liver  kept 
for  forty-eight  hours  in  an  antiseptic  wrapping  (Havana,  1889) ;  stained  with 
fuchsin.     X  1,000.     (Sternberg.) 

Note, — All  of  the  above  photomicrographs  were  made  with  the  three- 
millimetre  apochromatic  hom.  ol.  im.  objective  and  projection  eye-piece  of 
Zeiss. 

PLATE  II. 

PHOTOGRAPHS  OF  COLONIES   (IN  ESMARCH  ROLL  TUBES)  AND  OP  TKST-TUBE 

CULTURES. 

Fig.  1. — Colonies  of  Bacillus  leporis  lethalis,  in  gelatin  roll  tube,  end  of 
forty-eight  hours  at  room  temperature,     x  5.     (Sternberg.) 

Fig.  2. —Colonies  of  Bacillus  coli  similis  in  gelatin  roll  tube,  end  of 
twenty-four  hours  at  22^  C.     x  10.     (Sternberg.) 

Fig.  3.— Stick  culture  of  Bacillus  coli  similis  in  nutrient  gelatin,  end  of 
seven  days  at  20"  C.     (Sternberg.) 

Fig.  4. — Stick  culture  of  Bacillus  iutestinus  motilis  in  nutrient  gelatin, 
end  of  four  days  at  22"  C.     (Sternberg.) 

Fig.  5. — Stick  culture  of  Bacillus  leporis  lethalis  in  nutrient  gelatin,  end 
of  eight  days  at  22°  C.    (Sternberg.) 

Fig.  6. — Stick  culture  of  Micrococcus  tetragenus  versatilis  in  nutrient 
gelatin,  end  of  two  weeks  at  22"  C.     (Sternberg.) 

Fig.  7. — O)lonies  of  Bacillus  cuniculicida  Havaniensis  in  gelatin  roll 
tube,  end  of  forty-eight  hours  at  2V  C.     x  10.     (Sternberg.) 

Fig.  8. — Colonies  of  Bacillus  coli  commuhis  in  gelatin  roll  tube,  end  of 
forty-eight  hours  at  22"  C.     x  10.     (Sternberg. ) 
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—General  Account  of  the  Action  of.    VIII.  Action  of 
Gases  and  of  the  Haloid  Elements  upon  Bacteria. 
IX.  Action  of  Acids  and  Alkaubs.    X.  Action  of 
Various  Salts.  XI.  Action  of  Coal-tar  Pro- 
ducts,  Essential  Oils,  etc.     XII.  Ac- 
tion OF  Blood  Serum  and  other  Or- 
ganic Liquids.    XIII.  Practical 
Directions  for  Disinfection. 
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STRUCTURE,  MOTIONS,   REPRODUCTION. 

The  bacteria  are  unicellular  vegetable  organisms,  and  consist  of 
a  cell  membrane  enclosing  transparent  and  apparently  structureless 
protopldsm.  Tbe  very  varied  biological  characters  which  distin- 
guish diflEerent  species  make  it  evident,  however,  that  there  are  es- 
sential differences  in  the  living  cell  contents,  although  these  diflfer- 
ences  are  not  revealed  by  our  optical  appliances.  And  among  the 
bacteria,  as  in  the  cells  of  higher  plants  and  animals,  the  peculiar 
biological  characters  of  a  species  are  transmitted  to  the  cellular  pro- 
geny of  each  individual  cell.  These  characters  are,  however,  sub- 
ject to  various  modifications  as  a  result  of  differing  conditions  of 
environment,  as  is  the  case  with  plants  and  animals  higher  in  the 
scale  of  existence,  and  in  this  way  more  or  less  permanent  varieties 
are  produced.  It  is  probable  that  among  these  lowly  plants  species 
are  evolved  more  quickly,  as  a  result  of  the  laws  of  natural  selec- 
tion, in  the  struggle  for  existence,  than  among  those  of  more  com- 
plex organization.  Still,  this  has  not  been  proved,  and,  on  the  other 
hand,  we  have  ample  evidence  that  widely  distributed  species  exist 
having  very  definite  morphological  and  biological  characters  which 
enable  us  to  recognize  them  wherever  found. 

It  has  generally  been  supposed  that  these  simple  vegetable  cells 
are  destitute  of  a  nucleus,  but  a  recent  author  (Frankel)  suggests 
the  probability^  that  a  nucleus  may  exist,  although  it  has  not  been 
demonstrated.  This  suggestion  is  based  upon  the  fact  that  in  stain- 
ing bacteria  very  quickly  it  sometimes  happens  that  a  portion  of  the 
protoplasm  is  sharply  differentiated  by  taking  the  stain  more  deeply 
than  the  remaining  portion. 

Sjobring  has  recently  (1892)  made  an  investigation  for  the  pur- 
pose of  ascertaining  the  structure  of  bacterial  cells.  Various  meth- 
ods were  employed,  but  the  most  satisfactory  results  were  obtained 
by  fixing  with  nitric  acid,  with  or  without  alcohol,  and  without  pre- 
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vious  drying  ;  the  preparations  were  then  stained  with  carbol-meth- 
ylene-blue  or  carbol-fuchsin  solution ;  they  were  decolorized  with 
nitric  acid  and  examined  in  glycerin  or  in  water.  By  this  procedure 
the  author  named  was  able  to  demonstrate  two  kinds  of  corpuscles. 
One  of  these  may  be  seen  just  inside  the  cell  wall ;  it  stains  deeply 
with  the  carbol-f  uchsin  solution.  The  other  lies  in  a  position  analo- 
gous to  that  occupied  by  the  nucleus  of  vegetable  cells  higher  in  the 
scale,  and  resembles  this  both  in  its  resting  condition  and  in  the 
process  of  indirect  division. 

In  his  address  before  the  International  Medical  Congress  of  Ber- 
lin (1890)  Koch  says : 

"  We  had  not  succeeded,  in  spite  of  the  constantly  improving 
methods  of  staining  and  in  spite  of  the  use  o£  objectives  with  con- 
stantly increasing  angles  of  aperture,  in  learning  more  with  reference 
to  the  interior  structure  of  the  bacteria  than  was  shown  by  the  origi- 
nal methods  of  staining.  Only  very  recently  new  methods  of  stain- 
ing appear  to  give  us  further  information  upon  the  structure  of  the 
bacteria,  inasmuch  as  they  serve  to  differentiate  an  interior  portion 
of  the  protoplasm,  which  should  probably  be  regarded  as  a  nucleus, 
from  an  exterior  protoplasmic  envelope  from  which  is  given  off  the 
organ  of  locomotion,  the  flagellum.'* 

Although  usually  transparent,  the  protoplasm  sometimes  presents 
a  granular  appearance.  The  botanist  Van  Tieghem  claims  to  have 
found  chlorophyll  grains  in  some  water  bacteria  studied  by  him,  and 
in  the  genus  Beggiatoa  grains  of  sulphur  are  found  embedded  in  the 
protoplasm  of  certain  species. 

The  cell  membrane  in  certain  species  appears  to  be  very  flexible, 
as  may  be  seen  in  those  which  have  a  sinuous  motion.  It  is  not 
easily  recognized  under  the  microscope,  but  by  the  use  of  reagents 
which  cause  the  protoplasm  to  contract  may  be  demonstrated — 6.gr., 
by  iodine  solution.  Outside  of  the  true  cell  membrane  a  gelatinous 
envelope — so-called  capsule — is  sometimes  seen.  This  may  perhaps 
be,  as  claimed  by  some  authors,  nothing  more  than  a  jelly-like  thick- 
ening of  the  outer  layers  of  the  cell  wall.  This  jelly-like  material 
causes  the  cells  to  adhere  to  each  other,  forming  zoogloea  masses. 
In  some  cases  the  growth  upon  the  surface  of  a  culture  medium  is 
extremely  viscid,  and  may  be  drawn  out  into  long  threads  when 
touched  with  a  platinum  needle,  owing  to  the  gelatinous  intercellular 
substance  by  which  the  cells  are  surrounded. 

There  is  but  little  more  to  be  said  of  the  structure  of  these  minute 
organisms,  except  to  mention  the  fact  that  the  motile  species  are 
provided  with  slender,  whip-like  appendages  called  flagella.  The 
micrococci  in  general  are  not  endowed  with  the  power  of  executing 
spontaneous  movements,  and  they  are  not  provided  with  flagella. 
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But  recently  two  motile  species  have  been  described,  and  in  one  of 
these — Micrococcus  agilis  of  Ali-Cohen — ^the  presence  of  flagella  has 
been  demonstrated. 

Many  of  the  bacilli  and  spirilla  are  actively  motile,  and  the  pre- 
sence of  flagella,  which  has  long  been  suspected,  has  recently  been 
demonstrated  for  a  considerable  number  of  species  by  LofHer  and 
others. 

It  must  be  remembered  that  the  molecular  movement  which  is 
common  to  all  minute  particles  suspended  in  a  fluid  is  a  vibratory 
motion  in  situ,  which  does  not  change  the  relative  position  of  the 
moving  particles.  This  so-called  Brownian  movement  has  frequently 
been  mistaken  for  a  vital  motion,  as  has  also  the  movement  due  to 
cmrents  in  the  liquid  in  which  non-motile  organisms  are  suspended. 
The  latter  is  to  be  distinguished  by  the  fact  that  the  microorganisms 
are  all  carried  in  one  direction.  This  movement  due  to  a  current,  in 
comiection  with  the  vibratory  Brownian  movement,  is  very  deceptive, 
and  it  is  often  hard  for  a  beginner  in  bacteriological  study  to  con- 
vince himself  that  what  "he  sees  is  not  a  vital  movement.  But  in 
true  vital  movements  we  have  progression  in  different  directions,  and 
the  individual  microorganisms  approach  and  pass  each  other,  often 
in  a  most  vigorous  and  active  manner,  passing  entirely  across  the 
field  of  view  or  changing  direction  in  an  abrupt  way.  Sometimes 
the  motion  is  slow  and  deliberate,  the  bacillus  progressing  with  a  to- 
and-fro  motion,  as  if  propelled  by  a  trailing  flagellum  ;  or  it  may  be 
serpentine  when  the  moving  filament  is  flexible  ;  or  again  it  is 
a  darting  forward  motion  which  is  so  rapid  that  the  eye  can  scarcely 
follow  the  moving  body.  The  spirilla  have  a  rotary  movement  as 
well  as  a  progressive  one,  and  this  is  often  extremely  rapid.  Some- 
times bacilli  spin  around  with  a  rotatory  motion,  as  if  they  were  an- 
chored fast  to  a  fixeil  point,  as  they  may  be  by  the  flagellum  being 
attached  to  the  slide  or  cover  glass.  Freijuently,  in  a  pure  culture, 
the  individual  bacilli  may  be  seen  to  come  to  rest,  and,  after  an  inter- 
val of  repose,  to  dart  forward  again  in  the  most  active  way.  Or  we 
may  find,  on  examining  the  same  culture  at  different  times,  that 
upon  one  occasion  there  is  no  evidence  of  vital  movements,  and  on 
another  all  of  the  bacilli  are  actively  motile.  These  differences  de- 
pend upon  the  age  of  the  culture,  temperature  conditions,  etc. 

Reproduction  by  binary  dirision  is  common  to  all  of  the  bacte- 
ria, and  in  many  species  this  is  the  only  mode  of  reproduction  known. 
When  circumstances  are  favorable  for  rapid  multiplication  the  indi- 
vidual cells  grow  in  length,  and  a  constriction  occurs  in  the  middle 
transverse  to  the  long  diameter.  This  becomes  deeper,  and  after  a 
time  the  cell  is  completely  divided  into  two  equal  portions,  which 
again  divide  in  the  same  way.  Separation  may  be  complete,  or  the 
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cells  may  remain  attaclied  to  each  other,  forming  chains  (strepto- 
cocci) or  articulated  filaments  (scheinfdden  of  the  Germans). 

The  bacilli  and  spirilla  divide  only  in  a  direction  transverse  to  the 
long  diameter  of  the  cells,  but  among  the  micrococci  division  may 
occur  either  in  one  direction,  fonning  chains  ;  or  in  two  directions, 
forming  tetrads  ;  or  in  three  directions,  forming  ** packets"  of  eight 
or  more  elements.  The  staphylococci,  in  which  the  cells  do  not  re- 
main associated,  divide  indifferently'  in  any  direction. 

The  rapidity  of  multiplication  by  binary  division  varies  greatly  in 
different  species,  and  in  the  same  species  depends  upon  conditions  re- 
lating to  the  culture  medium,  age  of  the  culture,  temperature,  etc. 
Under  favorable  conditions  bacilli  have  been  observed  to  divide  in 
twenty  minutes,  and  it  is  a  matter  of  common  laboratory  experience 
tliat  colonies  of  considerable  size  and  containing  millions  of  bacilli 
may  be  developed  from  a  single  cell  in  twenty-four  to  forty-eight 
hours.  A  simple  calculation  vrill  show  what  an  immense  number  of 
cells  ma}^  be  produced  in  this  time  as  a  result  of  binary  di^asion  oc- 
curring, for  example,  every  hour.  The  progeny  of  a  single  cell 
would  be  at  the  end  of  twenty-four  hours  16,777,220,  and  at  the  end 
of  forty-eight  hours  the  number  would  be  281,500,000,000. 

Some  of  the  earlier  observers  have  noted  the  presence  of  oval  or 
spherical  refractive  bodies  in  cultures  containing  bacilli ;  but  that 
these  were  reproductive  elements,  although  suspected,  was  not  de- 
monstrated until  a  comparatively  recent  date.  Pasteur  was  one  of 
the  first  to  point  out  the  fact  that  certain  bacteria  have  two  modes  of 
reproduction — by  fission  and  by  the  formation  of  endogenous  spores; 
but  the  first  careful  study  of  the  last-mentioned  method  was  made  by 
Koch  in  his  classical  study  of  the  anthrax  bacillus  (1878),  and  by 
Cohn,  who  studied  the  formation  of  spores  in  Bacillus  subtilis. 

These  reproductive  bodies  serve  the  Siune  purpose  in  the  preserva- 
tion of  species  as  the  seeds  of  higher  plants.  They  resist  desiccation 
and  may  retain  their  vitality  for  months  or  yeara  until  circumstances 
are  favorable  to  their  development,  when,  under  the  influence  of  heat 
and  moisture,  the}'  reproduce  the  vegetative  form — bacillus  or  spiril- 
lum— with  all  of  its  biological  and  morphological  characters.  They 
are  composed  of  condensed  protoplasm  which  retains  the  vital  char- 
acters of  the  soft  protoplasm  of  the  mother  cell  from  which  it  has 
been  separated  ;  and  it  is  evident  that  whether  reproduction  occurs 
by  fission  or  by  the  formation  of  endogenous  spores,  the  protoplasm 
of  the  cells  in  a  pure  culture  of  any  microorganism  is  simply  a  sepa- 
rated portion  of  the  protoplasm  of  the  progenitors  of  these  cells. 

Some  of  the  bacilli  grow  out  into  long  filaments  before  the  forma- 
tion of  spores  occurs  ;  and  these  filaments  may  be  associated  in  bun- 
dles or  intertwined  in  irregular  masses.    At  first  the  protoplasm  of  the 
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filaments  is  homogeneous,  but  after  a  time  it  becomes  segmented, 
and  later  the  protoplasm  of  each  segment  becomes  condensed  into 
a  spherical  or  oval  refractive  body,  which  is  the  spore.  For  a  time 
these  are  retained  in  a  linear  position  by  the  cell  membrane  of  the 
fUament  (Fig.  75,  a),  but  this  is  after  a  while  dissolved  or  broken 
up  and  the  spores  are  set  free.  In  liquid  cultures  they  sink  to  the 
bottom  as  a  pulverulent  precipitate,  and  upon  the  surface  of  a  solid 
medium  they  form  a  layer  which  is  usually  of  a  white  or  yellowish- 
white  color,  and  which,  when  examined  under  the  microscope,  in  old 
cultures  is  found  to  consist  almost  entirely  of  shining  spherical  or 
oval  bodies  which  do  not  stain,  by  the  ordinary  methods,  with  the 
aniline  colors.  While  many  of  the  bacilli  during  the  stage  of  spore 
formation  grow  out  into  long  filaments,  others  do  not,  and  one  or 
more  spores  make  their  appearance  in  rods  of  the  ordinary  length 
which  characterizes  the  species.  These  may  be  located  in  the  centre 
of  the  rod  or  at  one  extremity  (Fig.  75,  ft).     It  sometimes  occurs 
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Fig.  76. 


that  when  a  single  central  spore  is  formed  the  rod  becomes  very 
much  enlarged  in  its  central  portion,  assuming  a  spindle  shape  (Fig. 
75,  c) ;  or  one  extremity  may  be  enlarged,  producing  forms  such  as 
are  shown  in  Fig.  75,  d.  Some  of  the  smaller  spherical  spores  mea- 
sure less  than  0.5  /i  in  diameter,  but  they  are,  for  the  most  part, 
oval  bodies  having  a  short  diameter  of  0.5  to  1  //  and  a  long  diame- 
ter of  one  to  two  //,  or  even  more.  They  are  enveloped  in  a  cellular 
envelope  which,  according  to  some  observers,  consists  of  two  layers 
— ^an  exosporium  and  an  endosporium. 

The  germination  of  spores  has  been  studied  by  Prazmowski, 
Brefeld,  and  others.  The  process  is  as  follows  :  By  the  absorption 
of  water  they  become  swollen  and  pale,  losing  their  shining,  refrac- 
tive appearance.  Later  a  little  protuberance  is  seen  upon  one  side 
or  at  one  extremity  of  the  spore,  and  this  rapidly  grows  out  to  form 
a  rod  which  consists  of  soft-growing  protoplasm  enveloped  in  a 
membrane  which  is  formed  of  the  endosporium  or  inner  layer  of  the 
cellular  envelope  of  the  spore.  The  outer  envelope,  or  exosporium, 
is  cast  off  and  may  be  seen  in  the  vicinity  of  the  newly  formed  rod 
(Fig.  76).     Sometimes  the  vegetative  cell  emerges  from  one  extrem- 
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ity  of  the  oval  spore,  as  shown  at  a,  Fig.  70,  and  in  other  species  the 
exosporium  is  ruptured  and  the  bacillus  emerges  from  the  side,  as 
seen  at  6. 

The  considerable  resistance  of  these  endogenous  spores  to  desic- 
cation, to  heat,  and  to  various  chemical  agents  is  an  important  fact 
both  from  a  biological  and  from  a  hj^gienic  point  of  view,  and  will 
be  fully  considered  in  a  subsequent  chapter.  The  fact  that  cerfciin 
bacilli  and  spirilla  do  not  withstand  a  temperature  of  80°  to  90°  C, 
which  does  not  destroy  the  vitality  of  known  spores,  leads  to  the  in- 
ference that  they  do  not  form  similar  reproductive  bodies.  But  re- 
productive elements  of  a  diflFerent  kind  are  described  by  some  botiin- 
ists  as  being  produced  during  the  development  of  these  bacteria, 
and  also  of  the  micrococci.  These  are  the  so-called  arthrospores. 
In  the  process  of  binary  division  certain  cells  in  a  chain  may  be  ob- 
served to  be  somewhat  larger  than  others  and  to  refract  light  more 
strongly.  The  same  may  be  true  of  certain  cells  in  a  culture  in 
which  the  elements  are  not  united  in  chains.    These  cells  are  believed 
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by  De  Bary  and  others  to  have  greater  resisting  power  to  desiccation 
than  the  remaining  cells  in  the  culture,  and  to  serve  the  purpose  of 
reproductive  elements. 

It  has  generally  been  supposed  that  spore  formation  is  most  likely 
to  occur  when  the  pabulum  for  supporting  the  growth  of  the  vegeta- 
tive form  is  nearly  exhausted.  But,  as  pointed  out  by  Frankel,  facts 
do  not  support  this  view,  as  many  species  form  spores  when  condi- 
tions are  most  favorable  for  a  continued  development.  An  abundant 
supply  of  oxygen  favors  the  formation  of  spores  in  aerobic  s|)ecies, 
and,  in  some  insta,nces  at  least,  the  temperature  has  an  important  in- 
fluence upon  spore  formation.  Thus  the  anthrax  bacillus  does  not 
form  spores  at  temperatures  below  20°  C. 

The  very  interesting  fact  has  been  demonstrated  by  Lehman  and 
by  Behring  that  a  species  which  usually  forms  spores  may  be  so 
modified  by  certain  influences  that  it  is  no  longer  capable  of  spore 
pnKluction,  and  that  such  an  asporogenous  variety  may  ])e  cultivated 
for  an  indefinite  time  without  showing  any  return  to  the  stage  of 
spore  formation.  This  was  effected  in  Behring  s  experiments  by 
cultivating  the  anthrax  bacillus  in  a  medium  containing  some  agent 
detrimental  to  the  vitality  of  the  vegetative  cells,  but  not  in  suffi- 
cient (juantity  to  restrain  their  development. 
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The  chemical  composition  of  the  bacterial  cells  has  been  inves- 
tigated by  Nencki,  Brieger,  and  others.  Putrefactive  bacteria  culti- 
vated in  a  two-per-cent  solution  of  gelatin,  and  which  produced  an 
abundant  intercellular  substance  connecting  the  cells  in  zooglcea 
masses,  were  found  by  Nencki  to  have  the  following  composition  : 
Water,  84.26  per  cent;  solids,  5.74  per  cent,  consisting  of  albumin 
87.46  per  cent,  fat  6.41,  ash  3.04,  undetermined  remnant  3.09. 
The  albuminous  substance,  according  to  Nencki,  is  not  precipitated 
by  alcohol,  and  differs  in  its  chemical  composition  from  other  known 
substances  of  this  class.  He  calls  it  mykoprotein  and  gives  the  fol- 
lowing as  its  chemical  composition  :  C,  52.32  percent;  H,  7.55  per 
cent ;  N,  14.75  per  cent.  It  contains  no  sulphur  and  no  phosphorus. 
The  spores  of  the  anthrax  j^cillus,  according  to  Nencki,  do  not  con- 
tain mykoprotein,  but  a  peculiar  albuminous  substance  which  he 
calls  anthrax-protein.  Brieger  analyzed  a  gelatin  culture  of  Fried- 
lander's  bacillus,  with  the  following  result ;  Water,  84.2  per  cent ; 
solids,  5.8  per  cent,  containing  1.74  per  cent  of  fats.  After  removal 
of  the  fat  the  solids  gave  an  ash  of  30. 13  per  cent ;  this  contains  cal- 
cium phosphate,  magnesium  phosphate,  sodium  sulphate,  and  sodiuqi 
chloride.  The  amount  of  nitrogen  in  the  dried  substance  after  re- 
moval of  the  fat  was  9.75. 
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II. 

CONDITIONS  OF  GROWTH. 

Bacteria  only  grow  in  presence  of  moisture,  under  certain  condi- 
tions of  temperature,  and  when  supplied  With  suitable  pabulum.  As 
they  do  not  contain  chlorophyll,  they  cannot  assimilate  carbon  diox- 
ide, and  light  is  not  favorable  to  their  development. 

The  aerobic  species  obtain  oxygen  from  the  air  and  cannot  grow 
unless  supplied  with  it.  The  anaerobic  species,  on  the  other  hand, 
will  not  grow  in  the  presence  of  oxygen,  and  must  obtain  this  ele- 
ment, as  they  do  carbon  and  nitrogen,  from  the  organic  material 
which  serves  them  as  food. 

As  a  class  the  bacteria  are  supplied  with  nutriment  by  the  higher 
plants  and  animals,  the  dead  tissues  of  wliich  they  appropriate,  and 
which  it  is  their  function  to  decompose,  releasing  the  organic  ele- 
ments as  simple  compounds  which  may  again  be  assimilated  by  the 
chlorophyll-producing  plants. 

Water  is  essential  for  the  development  of  bacteria,  and  many  spe- 
cies have  their  nonnal  habitat  in  the  waters  of  the  ocean,  of  lakes, 
and  of  running  streams  ;  others  thrive  upon  damp  surfaces  or  in  the 
interior  of  moist  masses  of  organic  material.  Many  species  grow  in- 
differently either  in  salt  or  fresh  water,  but  it  is  probable  that  cer- 
tain species  will  be  found  peculiar  to  the  waters  of  the  ocean.  Some 
of  the  water  bacteria  multiply  in  the  presence  of  an  exceedingly 
minute  amount  of  organic  pabulum,  or  even  in  distilled  water.  This 
is  shown  by  the  experiments  of  Bolton  and  others.  The  author 
named  tested  two  species  of  water  bacteria  (Micrococcus  a(|uatilis 
and  Bacillus  erythrosporus)  in  the  following  manner :  Ten  cubic 
centimetres  of  distilled  water  in  a  test  tube  were  infected  with  a  small 
quantity  of  a  culture  of  one  of  these  microorganisms.  A  drop  from 
this  tube  was  transferred  to  the  same  quantity  of  distilled  water  in 
a  second  tube,  and  from  this  to  a  third.  The  nmnber  of  bacteria  in 
this  tube  No.  3  was  now  ascertained  by  counting,  and  it  was  put 
aside  for  two  or  three  days,  at  the  end  of  which  time  the  number  was 
again  estimated  by  counting.  In  every  case  there  was  an  enormous 
increiise  in  the  number  of  bact^jria.     In  order  to  be  sure  that  the  dis- 
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tilled  water  was  pure,  it  was  distilled  a  second  time  in  a  clean  glass 
retort,  but  the  result  was  the  same.  Bolton  remarks,  with  reference 
to  these  results:  "If  we  seek  to  explain  this  remarkable  fact  we 
must  remember,  in  the  first  place,  what  an  extremely  small  abso- 
lute mass  is  represented  by  an  enormous  number  of  bacteria,  and 
what  a  minute  amount  of  material  is  required  for  the  formation  of 
this  mass.  In  ten  cubic  centimetres  of  distilled  water,  in  the  experi- 
ment last  referred  to,  there  were  about  twenty  million  bacteria  (two 
million  per  cubic  centimetre).  If  we  estimate  the  diameter  of  each 
at  one  //,  with  a  specific  weight  of  1,  the  absolute  weight  would 
be  for  the  entire  number  one-one-hundredth  of  a  milligramme — 
that  is  to  say,  a  quantity  which  cannot  be  determined  by  any  of  our 
methods  of  weighing. " 

Bolton  supposes  that  the  small  amount  of  organic  pabulum  re- 
quired fell  into  the  water  in  the  shape  of  dust,  or  was  attached  to  the 
walls  of  the  test  tube  in  spite  of  all  the  precautions  taken. 

Nitrogen  is  chiefly  obtained  from  albuminoid  substances,  but 
Pasteur  has  shown  that  it  may  also  be  obtained  from  ammonia. 
This  is  shown  by  cultivating  bacteria  in  a  medium  containing  an 
ammonia  salt,  as  in  the  following  : 

PASTEUR'S   SOLUTION. 

Distilled  water,              ......  100 

Cane  sugar,              ......  10 

Tartrate  of  ammonia.    ......  1 

Ashes  of  one  gramme  of  yeast,     ....  0.075 

corn's   SOLUTION. 

Distilled  water,  ......  100 

Tartrate  of  ammonia,  .....  1 

Ashes  of  yeast,  .  .  .  .  .  1 

Many  bacteria  multiply  abundantly  in  these  solutions. 

Carbon  is  obtained  from  the  various  organic  substances  contain- 
ing it ;  among  others,  from  starch,  sugars,  glycerin,  organic  acids 
and  their  siilts,  etc. 

Temperature, — There  are  certain  limits  of  temperature  within 
which  development  may  take  place,  but  these  differ  greatly  with 
different  species.  As  a  rule,  growth  is  arrested  when  the  tempera- 
ture falls  below  10""  C.  (50''  F.),  but  some  species  multiply  at  a  still 
lower  temperature.  Thus  Bolton  observed  a  very  decided  increa.se 
in  certain  water  bacteria  kept  in  an  ice  chest  at  G'  C,  and  other  ob- 
servers have  witnessed  development  at  the  freezing  temperature. 

Most  saprophytic  bacteria  grow  within  rather  wide  temperature 
limits,  but  the  rapidity  of  development  is  greatest  at  a  certain  favor- 
able  temperature,  which  is  usually  between  25^"  and  iiC"   C.     The 
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parasitic  species  have  a  more  restricted  range,  which  approaches  the 
normal  temperature  of  the  animals  in  which  they  habitually  de- 
velop. At  40°  C.  (104°  F.)  growth,  as  a  rule,  ceases,  but  there  are 
some  notable  exceptions  to  this  rule. 

Miquel  some  years  ago  found  a  bacillus  in  the  water  of  the  Seine 
which  grew  at  a  temperature  of  69°  to  70°  C. ;  Van  Tieghem  reports 
having  observed  species  in  thermal  waters  capable  of  growth  at  a 
still  higher  temperature  (74°  C.) ;  and  Globig  has  more  recently  ob- 
tained from  garden  earth  several  species  which  multiplied  at  65°  C. 
Some  of  the  species  found  by  the  last-named  observer  were  even 
found  to  require  a  temperature  of  about  60°  for  their  development ; 
and  yet  this  temperature  is  quickly  fatal  to  a  large  number  of  the 
best  known  species. 

Low  temperatures,  while  arresting  the  growth  of  bacteria,  do  not 
destroy  their  vitality.  This  has  been  demonstrated  by  immerous  ex- 
periments, in  which  they  have  been  exposed  for  hours  in  a  refrigerat- 
ing mixture  at  —18°  C.  Frisch  has  even  subjected  them  to  a  tempe- 
rature of  —  87°  C.  by  the  evaporation  of  liquid  carton  dioxide,  and 
found  that  they  still  grew  when  placed  in  favorable  conditions. 

Parasitism, — The  strict  parasites  grow  only  in  the  bodies  of  liv- 
ing animals,  or  in  artificial  media  kept  at  a  suitable  temperature. 
As  examples  we  may  mention  the  bacillus  of  tuberculosis,  the  bacil- 
lus of  leprosy,  the  micrococcus  of  gonorrhoea,  the  spirillum  of  re- 
lapsing fever.  There  is  also  a  large  class  of  facultative  para- 
sites which,  when  introduced  into  the  body  of  a  susceptible  animal, 
multiply  in  it,  and  may  continue  to  live  as  parasites  so  long  as  they 
are  transferred  from  one  animal  to  another,  but  which  are  also  able 
to  live  as  saprophytes  independently  of  a  li\'ing  host.  To  this  class 
belong  the  pus  cocci,  the  bacillus  of  typhoid  fever,  the  spirillum  of 
cholera,  and  man^^  others. 

It  seems  extremely  probable  that  the  strict  parasites  were  at  one 
time  capable  of  living  a  saprophytic  existence,  and  that  their  restric- 
tion to  a  parasitic  mode  of  life  has  been  effected  in  course  of  time  in 
accordance  with  the  laws  of  natural  selection.  This  view  is  sup- 
ported by  the  fact  that  the  tubercle  bacillus,  which  has  been  regarded 
as  a  strict  parasite,  which  can  only  be  cultivated  artificially  under 
very  special  conditions,  has  been  sho\vn  tO  be  capable  of  modification  in 
this  regard  to  such  an  extent  that  when  cultivated  for  a  time  in  a  favor- 
able medium — ^bouillon  with  five  per  cent  of  glycerin — it  will  even  grow 
in  ordinary  bouillon  made  from  the  flesh  of  a  calf  or  a  fowl  (Roux). 

Reaction  of  Medium, — Some  bacteria  grow  readily  in  a  medium 
having  an  acid  reaction,  while  the  slightest  trace  of  acidity  prevents 
the  development  of  others.  As  a  rule,  the  pathogenic  species  require 
a  neutral  or  slightly  alkaline  culture  medium. 
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While  many  species  grow  in  various  media  and  under  various 
conditions  of  temperature,  etc.,  others  are  greatly  restricted  in  this 
reganl ;  thus  Bumm  only  succeeded  in  cultivating  the  gonococcus 
upon  human  blood  serum,  and  even  upon  this  was  not  able  to 
carry  it  through  a  series  of  successive  cultures.  It  is  very  probable 
that  certain  species  can  only  grow  in  association  with  others  which 
eliiborate  products  necessary  for  their  development. 

Substances  favorable  for  the  growth  of  a  particular  species  may 
restrain  its  development  if  present  in  too  large  an  amount.  Thus 
the  phosphorescent  bacilli  multiply  abundantly  in  a  nutrient  solution 
containing  2.5  per  cent  of  sodium  chloride  ;  but  this  amount  would 
restrain  the  development  of  some  other  species,  and  a  considerable 
increase  in  the  quantity  of  salt  prevents  the  growth  of  all  microor- 
ganisms. In  the  same  way  the  addition  of  two  per  cent  of  glucose 
to  culture  solutions  is  favorable  for  the  development  of  certain  spe- 
cies, and  especially  for  the  anaerobic  bacteria  ;  but  a  concentrated 
solution  of  the  same  substance  prevents  the  growth  of  all  bacteria. 

The  influence  of  one  species  upon  the  growth  of  another  has 
been  studied  by  various  bacteriologists,  and  especially  by  Sirotinin 
and  by  Freudenreich.  When  several  species  are  associated  in  the 
same  culture  one  ma}'  take  the  precedence  and  the  others  may  de- 
velop later  ;  or  two  or  more  species  may  develop  at  the  same  time  ; 
or  the  growth  of  one  species  may  prevent  the  development  of  an- 
other, either  (a)  by  exhausting  the  pabulum  necessary  for  its  growth 
or  {h)  by  producing  substances  which  inhibit  the  development  of  an- 
other species  or  destroy  its  \ntality. 

Freudenreich  found,  as  a  result  of  his  numerous  experiments, 
that  the  following  species  cause  a  change  in  bouillon  which  renders 
it  unfit  for  the  growth  of  other  species  :  Bacillus  pyocyanus.  Bacillus 
cyanogenus.  Bacterium  phosphorescens.  Bacillus  prodigiosus.  Spi- 
rillum cholersB  Asiaticae.  The  following  species  do  not  cause  such  a 
change  in  bouillon  as  to  render  it  unfit  for  the  growth  of  other  spe- 
cies :  Bacillus  typhi  abdominalis,  Bacillus  anthracis,  Bacillus  septi- 
cemia* haemorrhagicsB,  Spirillum  tyrogenum.  The  following  have  a 
decided  antagonism  :  Bacillus  pyogenes  foetidus  prevents  the  growth 
of  Spirillum  cholen©  Asiatic®  ;  Micrococcus  roseus  prevents  the 
growth  of  Micrococcus  tetragenus.  The  cholera  spirillum  will  not 
grow  in  sterilized  cultures  of  Bacillus  pyocyanus,  or  in  bouillon 
which  has  served  for  a  pre^'iou8  culture  of  the  same  microorganism 
(Kitasato).  Other  bacteria  which  fail  to  grow  in  bouillon  which 
has  already  served  for  the  cultivation  of  the  same  species  are  Bacil- 
lus typhi  abdominalis,  Bacillus  cyanogenus,  Bacillus  prodigiosus. 
Micrococcus  roseus,  etc.  (Freudenreich). 
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MODIFICATIONS  OF   BIOLOGICAL  CHARACTERS. 

We  have  already  referred  to  the  production  of  an  asporogenous 
variety  of  the  anthi-ax  bacillus.  This  was  effected  by  Behring  by 
cultivation  in  media  containing  small  amounts  of  hydrochloric  acid, 
caustic  soda,  methyl  violet,  malachite  green,  and  various  other 
agents.  This  is  only  one  of  miany  instances  of  a  change  in  biologi- 
cal characters  due  to  changed  conditions  of  environment.  We  have 
abundant  exi)erimental  e\ndence  that  growth  may  occur  under  ad- 
verse conditions  when  the  species  is  gradually  habituated  to  these 
conditions.  Thus  the  temperature  limitations  may  be  passed  by  suc- 
cessive cultivations  at  temperatures  approaching  these  limits,  and 
bacteria  may  grow  in  the  presence  of  agents  which  in  a  given  pro- 
poiiion  have  a  complete  restraining  influence  upon  their  develop- 
ment. For  example,  in  the  experiments  of  Kossiakoff,  published  in 
the  Annates  of  the  Pasteur  Institute  (vol.  i.),  it  was  found  that  the 
several  species  tested  all  became  habituated  to  the  presence  of  anti- 
septic agents  in  proportions  which  at  first  completely  restrained 
their  growth. 

This  modification  of  biological  characters  is  well  shown  in  the 
case  of  the  chromogenic  bacteria,  some  of  which  only  form  pig- 
ment under  exceptionally  favorable  conditions  of  growth.  It  has 
been  shown  by  several  observers  that  non-chromogenic  varieties 
of  some  of  the  best  known  chromogenic  species  may  be  pnxiuced 
by  special  methods  of  cultivation.  Thus  Wasserzug  obtained  a 
non-chromogenic  variety  of  the  bacillus  of  green  pus  (Bacillus 
pyocyanus)  by  the  action  of  time  added  to  that  of  antiseptics.  He 
says  :  **  These  two  actions  combined  have  permitted  me  to  obtain 
cultures  which  remained  without  color  in  a  durable  way,  and  in 
which,  consequently,  the  chromogenic  function  was  abolished  by 
heredity."  In  the  case  of  a  chromogenic  bacillus  obtained  by  the 
writer  in  Havana  (my  Bacillus  Havaniensis),  a  non-chromogenic  vari- 
ety was  obtained  from  a  culture  on  nutrient  agar  which  had  been  kept 
in  a  hermetically  sealed  glass  tube  for  about  a  year.  The  variety 
preserved  the  morphological  characters  of  the  original  stock,  but,  al- 
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though  carried  through  successive  cultures  for  a  considerable  period, 
did  not  regain  its  power  to  produce  the  brilliant  carmine  color  which 
is  the  most  striking  character  of  the  species.  Katz,  in  cultivating 
the  phosphorescent  bacilli  isolated  by  him  from  sea  water  at  New 
South  Wales,  found  that,  after  being  propagated  for  some  time  in 
artificial  media,  their  power  to  give  off  a  phosphorescent  light  was 
diminished  or  temporarily  lost.  He  also  found  that  two  species 
which  when  first  cultivated  did  not  liquefy  gelatin,  subsequently, 
after  a  year,  caused  liquefaction  of  the  usual  gelatin  medium. 

Modification  shown  in  Cultures. — When  bacteria  have  been 
subjected  to  the  action  of  heat  or  chemical  agents,  without  having 
their  vitality  completely  destroyed,  they  often  show  diminished  vigor 
of  g^wth.  Cultures  which  would  ordinarily  show  an  abundant  de- 
velopment within  twenty-four  hours  may  not  commence  to  grow  for 
several  days.  For  this  reason,  in  disinfection  experiments,  it  is  neces- 
sary to  test  the  question  of  destruction  of  vitality  by  leaving  the  cul- 
ture for  a  week  or  more  under  favorable  conditions  as  to  tempera- 
ture. In  plate  cultures  or  Esmarch  roll  tubes  a  few  colonies  may 
develop  in  this  tardy  way,  showing  that  there  was  a  difference  in  the 
vital  resisting  power  of  the  individual  cells,  some  having  survived 
while  the  majority  were  killed.  This  is  well  illustrated  by  Abbott's 
experiments  upon  the  germicidal  action  of  mercuric  chloride  as  tested 
upon  Staphylococcus  pyogenes  aureus.  Irregularities  in  the  results  in 
experiments  in  which  the  concJitions  were  identical  having  been  no- 
ticed, Abbott  inferred  that  this  was  due  to  a  difference  in  the  resist- 
ing power  of  individual  cocci  (arthrospores  ?).  By  making  cul- 
tures from  colonies  which  developed  from  these  more  resistant  cocci, 
and  again  exposing  the  micrococci  in  these  cultures  to  mercuric  chlo- 
ride in  the  proportion  of  1: 1,000  for  a  longer  time  and  making  new 
cultures  from  the  surviving  cocci,  and  so  on,  Abbott  obtained  cultures 
in  which  a  majority  of  the  cells  survived  exposure  to  a  solution  of  the 
strength  mentioned  for  ten  to  twenty  minutes,  whereas  in  his  original 
culture  most  of  the  cocci  were  killed  by  this  solution  in  five  minutes. 

These  changes  in  vital  resisting  power  enable  us  to  comprehend 
other  modifications  which  can  only  be  detected  by  chemical  or  bio- 
logical reactions-  Thus  the  reducing  power  for  various  substances 
may  be  modified  by  changes  in  the  conditions  of  environment.  And 
among  the  pathogenic  bacteria  changes  of  a  more  or  less  permanent 
nature  may  be  induced,  which  are  shown  by  a  modified  degree  of 
virulence  when  injecte<l  into  susceptible  animals. 

Attenuation  of  Virulence  may  be  effected  by  several  methods, 
all  of  which  depend  upon  subjecting  the  cultures  to  prejudicial  in- 
fluences of  one  kind  or  another. 

Pasteur  first  announced,  in  1880,  that  the  microbe  of  fowl  cholera 
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could  be  modified  by  special  treatment  in  such  a  manner  that  it  no 
longer  produced  a  fatal  form  of  the  disease.  He  found  that  the  viru- 
lence was  greatest  when  cultures  were  made  from  fowls  which  had 
died  from  a  chronic  form  of  the  disease,  and  that  this  virulence  was 
not  lost  by  successive  cultivations  in  chicken  bouillon,  repeated  at 
short  intervals.  But  when  an  interval  of  more  than  two  months 
was  allowed  to  elapse  without  rene\ving  the  cultures,  the  virulence 
was  diminished  and  fewer  deaths  occurred  in  fowls  inoculated  with 
such  cultures.  This  diminution  of  virulence  became  more  marked 
in  proportion  to  the  length  of  time  during  which  a  culture  solution 
containing  the  microbe  remained  exposed  to  the  action  of  the  atmo- 
sphere, and  at  last  all  virulence  was  lost  as  a  result  of  the  death  of 
the  pathogenic  microorganism.  When  the  virus  was  preserved  in 
hermetically  sealed  tubes  it  did  not  undergo  this  modification,  but  re- 
tained its  full  virulence  for  many  months.  According  to  Pasteur, 
the  various  degrees  of  modification  of  virulence  resulting  from  pro- 
longed exposure  to  the  air  may  be  preserved  in  successive  cultures 
made  at  short  intervals.  Subsequent  experiments  with  cultures  of 
the  anthrax  bacillus  gave  similar  results  and  enabled  him  to  produce 
an  **  attenuated  virus  "  for  his  protective  inoculations. 

In  the  case  of  the  anthrax  bacillus  it  was  found  that  the  spores 
retain  their  full  virulence  for  years,  and  that  the  production  of  an  at- 
tenuated virus  required  the  exclusion  of  these  reproductive  elements. 
Cultivations  were  consequently  made  at  a  temperature  of  4=  •2'*  to  43 '^ 
C,  at  which  point  this  bacillus  is  incapable  of  producing  spores. 
Cultivation  at  this  temperature  for  eight  days  gave  an  attenuated 
virus  suitable  for  use  in  protective  inoculations. 

Attenuation  by  Heat, — Toussaint  has  shown  that  a  similar  modi- 
fication of  \nrulence  may  be  produced  by  exposure  for  a  short  time 
to  a  temperature  a  little  below  that  which  destroys  the  vitality  of  the 
pathogenic  organism.  This  is  best  accomplished,  according  to  Chau- 
veau,  in  the  case  of  the  bacillus  of  anthrax,  by  exposure  for  eighteen 
minutes  to  a  temperature  of  50°  C.  Exposure  to  this  temperature  for 
twenty  minutes  is  said  to  completely  destroy  the  \4tality  of  the  bacillus. 

Attenuation  by  Antiseptic  Agents. — The  writer,  in  1880,  ob- 
tained evidence  that  attenuation  of  virulence  may  result  from  ex- 
posure to  the  action  of  antiseptic  agents.  In  a  series  of  experiments 
made  to  determine  the  comparative  value  of  disinfectants,  the  blood 
of  a  rabbit  recently  dead  from  a  f onn  of  septicaemia  induced  by  the 
subcutaneous  injection  of  my  own  saliva,  and  due  to  the  presence  of 
a  micrococcus  (Micrococcus  pneumonisB  crouposae),  was  subjected  to 
the  action  of  various  chemical  agents,  and  subsequently  injected 
into  a  rabbit  to  test  the  destruction  of  virulence.  In  the  published 
report  of  these  experiments  the  following  statement  is  made  : 
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"  The  most  important  source  of  error,  however,  and  one  which 
must  be  kept  in  view  in  future  experiments,  is  the  fact  that  a  pro- 
tective influence  has  been  shown  to  result  from  the  injection  of  virus 
the  virulence  of  which  has  been  modified,  without  being  entirely  de- 
&'troyed,  by  the  agent  used  as  a  disinfectant." 

"Sodium  hyposulphite  and  alcohol  were  the  chemical  reagents 
which  produced  the  result  noted  in  these  experiments  ;  but  it  seems 
probable  that  a  variety  of  antiseptic  substances  will  be  found  to  be 
equally  effective  when  used  in  proper  proportion.  Subsequent  ex- 
periments have  shown  that  neither  of  these  agents  is  capable  of  de- 
stroying the  vitality  of  the  septic  micrococcus  in  the  proportion  use<l 
(one  per  cent  of  s<xlium  hyposulphite  or  one  part  of  ninety-five-per- 
eent  alcohol  to  three  parts  of  virus),  and  that  both  have  a  restraining 
influence  upon  the  development  of  this  organism  in  culture  fluids."  * 

Cultivation  in  the  Blood  of  an  Immune  Animal, — It  has 
been  recently  shown  by  the  experiments  of  Ogata  and  Jasuhara  that 
when  the  anthrax  bacillus  is  cultivated  in  the  blood  of  an  immune 
animal,  such  as  the  dog  or  the  white  rat,  its  pathogenic  power  is 
modified  so  that  it  no  longer  kills  susceptible  animals  and  ma}'  be 
used  as  a  vaccine. 

Pasteur  had  previously  shown  (18S2)  that  the  virus  of  louget  can 
be  attenuated  by  passing  it  through  rabbits. 

Recovery  of  Virulence. — Pasteur  has  shown  that  when  the  viru- 
lence of  a  pathogenic  organism  has  been  modified  it  may  be  re- 
stored by  successive  inoculations  into  susceptible  animals.  Thus  in 
the  case  of  the  anthrax  bacillus  a  culture  which  would  not  kill  an 
adult  guinea-pig  may  be  inoculated  into  a  very  young  animal  of  the 
same  species  with  a  fatal  result ;  and  by  inoculating  the  blood  of 
this  animal  into  another,  and  so  on,  the  original  virulence  may  be 
restored,  so  that  a  culture  is  obtained  which  will  kill  a  sheep.  In 
the  same  A^ay  the  attenuated  virus  of  fowl  cholera  may  be  restored 
to  full  vigor  by  inoculating  a  small  bird — sparrow  or  canarj' — to 
which  it  is  fatal.  After  several  successive  inoculations  the  virus 
resumes  its  original  activity. 

In  general,  pathogenic  virulence  is  increased  by  successive  inocu- 
lations into  susceptible  animals,  and  diminished  by  cultivation  in  arti- 
ticial  media  under  unfavorable  conditions.  Thus  various  pathogenic 
kicteria  which  have  been  cultivated  in  laboratories  for  a  length  of 
time  are  likely  to  disappoint  the  student  if  he  makes  inoculation  ex- 
periments for  the  purpose  of  demonstrating  their  specific  action  as 
described  in  text  b<x)ks. 

>  Quoted  from  '*  Bacteria,"  pa^es  207,  208,  written  in  1883. 
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All  living  cells,  animal  or  vegetable,  while  in  active  growth, 
appropriate  certain  elements  for  their  nutrition  from  the  pabulum 
ivith  which  they  are  supplied,  and  at  the  same  time  excreta  certain 
products  which,  in  some  cases  at  least,  it  is  their  special  function  to 
produce.  In  the  higher  plants  and  animals  specialized  cells  excrete 
substances  which  are  injurious  to  the  economy  of  the  mdividual, 
and  secrete  substances  which  are  required  to  maintain  its  existence. 
As  an  example  in  animals  we  may  mention  the  excretion  of  urea  by 
the  epithelium  of  the  kidneys,  the  retention  of  which  is  fatal  to  the 
indi\adual,  and  the  gastric  secretion  which  is  essential  for  its  con- 
tinued existence.  Among  the  higher  plants  we  have  an  immense 
variety  of  substances  formed  in  the  cell  laboratories,  some  of  whi(*h 
are  evidently  useful  for  the  preservation  of  the  species,  while  others 
are  perhaps  to  be  considered  simply  as  excretory  products.  The 
odorous  volatile  products  given  oflf  by  flowers  are  supposed  to  be 
useful  to  the  plant  in  attracting  insects  by  which  cross-fertilization 
is  effected.  The  various  poisonous  substances  stored  up  in  leaves 
and  bark  may  serve  to  protect  the  plant  from  enemies,  etc. 

The  minute  plants  vnth  which  we  are  especially  concerned  also 
produce  a  great  variety  of  substances,  some  of  which  may  be  useful 
to  the  sjjecies  in  the  struggle  for  existence.  Thus  the  deadly  pto- 
maines produced  by  some  of  the  pathogenic  bacteria  serve  to  para- 
lyze the  vital  resisting  power  of  living  animals  and  enable  the  para- 
sitic invader  to  thrive  at  the  expense  of  its  host.  In  the  present 
section  we  shall  consider  in  a  general  way  these  various  products  of 
bacterial  growth. 

Pigment  Production, — A  considerable  number  of  species  are 
distinguished  by  the  formation  of  pigment  of  various  colors  and 
shades.  We  have  all  of  the  shades  of  the  spectnun  from  violet  to 
red.  The  color,  as  a  rule,  is  only  produced  in  the  presence  of  oxy- 
gen, and  when  the  pigment-producing  microorganisms  are  massed 
upon  the  surface  of  a  solid  culture  medium  the  pigment  production 
is  often  limited  to  the  superficial  portion  of  the  mass.  In  si^me 
cases  a  soluble  pigment  is  formed  which  is  absorbed  by  the  transpa- 
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rent  culture  medium,  coloring  especially  the  upper  portion,  in  stick 
cultures  in  nutrient  gelatin  or  ugar.  This  is  the  case  with  Bacillus 
pyocyanus,  which  produces  a  blue  pigment  which  has  been  isolated 
and  carefully  studied  by  Gessard  and  others.  The  pigment,  which  is 
called  pyoc3'anin,  is  soluble  in  chloroform  and  crystallizes  from  a 
pure  solution  in  long  blue  needles.  Acids  change  the  blue  color  to 
red.  reducing  substances  to  3'ellow.  It  resembles  the  ptomaines  in 
its  chemical  reactions,  being  precipitated  by  platinum  chloride  and 
phosphomolybdic  acid. 

In  some  media  the  color  produced  by  the  Bacillus  pyocyanus 
(l)acillus  of  green  pus)  is  a  fluorescent  green.  The  recent  studies  of 
Gessard  show  that  this  is  a  different  pigment.  According  to  this 
author,  cultures  in  a  two-per-cent  solution  of  peptone  give  a  beautiful 
blue  tint,  the  production  of  which  is  hastened  by  adding  to  the 
liquid  five  per  cent  of  glycerin.  In  nutrient  gelatin  and  agar  cul- 
tures a  fluorescent  green  color  is  developed,  which,  according  to 
Gessard,  is  due  to  the  presence  of  albmnin.  Peptone  and  gelatin 
are  said  to  produce  pyocyanin  Avithout  the  fluorescent-green  pig- 
ment, and  cultures  in  bouillon  to  give  both  this  and  pyocyanin.  In 
milk  the  fluorescent-green  color  is  first  seen,  but  subsequently,  when 
the  casein  has  been  peptonized  b}^  a  diastase  produced  in  the  culture, 
l^yocyanin  is  also  formed.  Several  other  microorgjmisms  are  known 
which  produce  a  fluorescent-green  color,  due  probably  to  the  same 
])igment  as  is  produced  by  the  bacillus  of  green  pus  in  albuminous 
media. 

Babes  claims  to  have  obtained  two  pigments  from  cultures  of  the 
Bacillus  pyocyanus  in  addition  to  pyocj'anin  :  one,  soluble  in  alco- 
hol, has  by  transmitted  light  a  chlorophyll-green  color,  by  reflected 
light  it  is  blue  ;  the  other,  insoluble  in  alcohol  and  chloroform,  by 
transmitted  light  is  of  a  dark  orange-red,  hy  reflected  light  a  green- 
ish-blue. 

In  Gessard's  latest  publication  (1801)  he  shows  that  the  produc- 
tion of  pyocj'anin  or  of  the  fluorescent-green  pigment  does  not  de- 
pend alone  upon  the  culture  medium,  but  that  there  are  different 
varieties  of  the  Bacillus  pyocyanus.  He  has  succeeded  in  producing 
four  distinct  varieties — one  which  produces  both  pyocyanin  and 
fluorescence,  one  which  produces  pyocyanin  alone,  one  which  pro- 
duces the  fluorescent-green  pigment  alone,  and  one  which  produces 
no  pigment.  The  last-mentioned  non-chromogenic  variety  was  pro- 
duced by  subjecting  the  second  variety  to  the  action  of  heat.  A 
temperature  of  57°  maintained  for  five  minutes  destroyed  the  power 
to  produce  pigment  without  destroying  the  vitality  of  the  bacillus, 
which  was  propagated  through  successive  cultures  without  regaining 
this  power. 
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The  well-known  Bacillus  prodigiosus  (also  described  as  a  micro- 
coccus) produces  a  red  pigment  which  is  insoluble  in  water  but  solu- 
ble in  alcohol.  B}^  the  addition  of  an  acid  the  color  becomes  car- 
mine and  then  violet,  which  is  changed  to  yellow  by  an  alkali.  The 
color  is  said  by  Schottelius  to  be  diffused  in  the  young  cells,  and 
after  the  death  of  the  cells  to  be  present  in  their  vicinity  in  the  form 
of  granules.  The  same  author  has  shown  that  by  subjecting  the 
bacillus  to  special  conditions  a  variety  may  be  obtained  which  no 
longer  produces  pigment. 

The  conditions  which  govern  the  formation  of  pigment  in  the 
chromogenic  bacteria  are  determined  with  comparative  facility  be- 
cause the  results  of  changed  conditions  are  apparent  to  the  eye  ;  in 
the  case  of  products  which  are  not  colored  the  difficulties  attending 
the  study  of  these  conditions  are'much  greater,  but  the  results  are  in 
many  instances  more  important.  The  follo\ving  are  among  the  best 
known  pigment-producing  (chromogenic)  bacteria : 

Staph^'lococcus  pyogenes  aureus  (No.  1),  Staphylococcus  pj'o- 
genes  citreus  (No.  3),  Sarcina  aurantiaca  (No.  2'2i\),  Sarcina  lutea 
(No.  227),  Bacillus  cyanogenus  (No.  257),  Bacillus  janthinus  (No. 
207),  Bacillus  fluorescens  liquefaciens  (No.  277),  Bacillus  indicus  (No. 
283),  Bacillus  pyocyanus  (No.  05),  Bacillus  pnxligiosus  (No.  284), 
Spirillum  rubrum  (No.  420). 

Liquefaction  of  Gelatin, — Many  si)ecies  of  bacteria,  when 
planted  in  a  medium  containing  gelatin,  cause  a  liquefaction  of  the 
gelatin  in  the  immediate  vicinity  of  the  gro^ving  microorganisms, 
while  man}"  others  multiply  abundantly  in  the  same  medium  with- 
out liquef^nng  the  gelatin.  This  character,  as  first  shown  by  Koch, 
is  an  important  one  in  the  differential  diagnosis  of  species  which  re- 
semble each  other  in  form  and  in  other  resj)ects.  It  has  no  relation 
to  pathogenic  power,  as  some  liquefying  organisms  are  harmless  sap- 
rophytes and  some  de^uUy  disease  germs,  while,  on  the  other  hand, 
non-liquefying  bacteria  may  be  very  pathogenic  or  quite  innocent. 

Liquefaction  is  produced  by  a  soluble  peptonizing  ferment  formed 
during  the  growth  of  the  cells.  This  is  shown  by  the  fact  that  if  a 
liquefying  organism  is  cultivated  in  bouillon  and  the  living  cells  re- 
moved by  filtration  or  killed  by  heat,  the  power  of  liquefj-ing  gelatin 
rejnains  in  the  culture  fluid.  This  was  first  oliserved  by  Bitter  (iSvSO) 
and  indei)endently  by  the  writer  in  1SS7.  In  experiments  made  to 
determine  the  thermal  death-point  of  various  bacteria  the  writer 
found  that  when  cultures  of  liquefying  species  were  subjected  to  a 
temperature  which  killed  the  micrcxh-ganisms,  a  few  drops  of  t\u} 
culture  added  to  nutrient  gelatin  which  had  been  li(iuefied  by  heat 
prevented  it  from  subsetjuently  forming  a  solid  jelly  when  cold. 

In  a  recent  study  of  the  ferments  produced  by  bacteria  which 
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cause  liquefaction  of  gelatin — "  tryptic  enzymes  " — made  by  Fermi, 
in  the  laboratory  of  the  Hygienic  Institute  of  Munich  (1891),  the  fol- 
lowing results  were  obtained : 

The  enzymes  were  not  obtained  pure,  and  their  isolation  from 
other  proteids  present  in  the  cultures  was  found  to  be  attended  with 
great  difficulties,  but  their  ferment  action  was  studied  and  was  found 
to  be  influenced  by  various  conditions. 

All  were  destroyed  by  a  temperature  of  70°  C,  but  the  enzymes 
produced  by  various  liquefying  bacteria  differed  considerably  as  to 
the  temperature  which  they  were  able  to  withstand.  Some  were  de- 
stroyed by  a  temperature  of  50°  to  55°  C. — Bacillus  megatherium, 
Bacillus  ramosus.  Staphylococcus  pyogenes  aureus ;  some  by  a  tem- 
perature of  55°  to  60°  C. — Bacillus  subtilis,  Bacillus  pyocyanus.  Bacil- 
lus fluorescens  liquefaciens,  Sarcina  aurantiaca  ;  some  by  65°  to  70° 
C— Bacillus  anthracis,  Spirillum  choler»  AsiaticsB,  Spirillum  of 
Finkler  and  Prior,  Spirillum  tyrogenum. 

These  enzymes,  Uke  the  previously  known  pepsin,  trypsin,  and 
invertin,  do  not  dialyze. 

Only  a  few  of  these  bacteria  enzymes  acted  upon  fibrin,  and  no 
action  was  observed  upon  casein  or  upon  egg  albumen. 

Their  liquefying  action  upon  gelatin  was  prevented  by  the  action 
of  sulj^uric  acid,  and  to  a  less  degree  by  nitric  acid,  but  was  not  in- 
terfered with  by  acetic  acid. 

The  liquefying  bacteria,  as  a  rule,  only  produce  enzymes  when 
cultivated  in  a  medium  containing  albumen. 

These  enzymes  are  not  produced  by  a  solution  of  the  protoplasm 
of  dead  bacterial  cells,  but  are  a  product  of  the  vital  activity  of  liv- 
ing cells. 

Among  the  numerous  liquefying  bacteria  known  to  bacteriolo- 
gists  we  may  mention  the  following  species  as  deserving  the  student's 
spedal  attention  :  Staphylococcus  pyogenes  aureus  (No.  1),  Staphylo- 
coccus pyogenes  albus  (No.  2),  Sarcina  lutea  (No.  227),  Sarcina  au- 
rantiaca (No.  226),  Bacillus  anthracis  (No.  45),  Bacillus  pyocyanus 
(No.  95),  Bacillus  subtilis  (No.  379),  Bacillus  indicus  (No.  283),  Ba- 
cillus prodigiosus  (No.  284),  Spirillum  cholerse  Asiaticae  (No.  155), 
Spinllum  of  Finkler  and  Prior  (No.  156),  Proteus  vulgaris  (No.  97). 

Production  of  Acids. — Numerous  bacteria  give  an  acid  reaction 
to  the  media  in  which  they  are  cultivated,  and  the  acids  produced 
are  various — ^lactic,  acetic,  butyric,  propionic,  succinic,  etc. 

The  power  to  produce  an  acid  is  well  shown  by  adding  to  neu- 
tral or  alkaline  culture  media  a  solution  of  litmus.  The  change  in 
color  due  to  the  formation  of  an  acid  may  be  followed  by  the  eye, 
and  comparative  tests  may  be  made  to  aid  in  the  differentiation  of 
similar  bacteria. 
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A  considerable  number  of  bacteria  are  able  to  produce  lactic 
acid  from  milk  sugar  and  other  carbohydrates.  One  of  these  is 
considered  the  special  lactic-acid  ferment — Bacillus  acidi  lactici— and 
is  the  usual  cause  of  the  acid  fermentation  of  milk.  Pure  cultures 
of  this  bacillus  introduced  into  sterilized  milk  or  solutions  of  milk 
sugar,  cane  sugar,  dextrin,  or  mannite,  give  rise  to  the  lactic-acid 
fermentation,  in  which  carbonic  acid  is  also  set  free.  The  process 
requires  free  access  of  oxygen,  and  progresses  most  favorably  at  a 
temperature  of  35°  to  40°  C,  ceasing  at  about  45°.  In  milk,  coagu- 
lation of  the  casein  occurs  within  fifteen  to  twenty-four  hours  after 
adding  a  small  quantity  of  a  pure  culture  of  the  lactic-acid  bacillus. 
This  is  not  due,  however,  to  the  acid  fermentation,  but  to  a  ferment 
resembling  that  of  rennet,  which  is  produced  by  many  different 
bacteria,  some  of  which  do  not  produce  an  acid  reaction  of  the  milk. 
Among  the  bacteria  which  produce  lactic  acid  from  milk  sugar  we 
may  mention  the  staphylococci  of  pus.  Bacillus  lactis  aerogenes,  and 
Bacillus  coll  communis. 

The  formula  showing  the  transformation  of  sugar  into  lactic 
acid  is  usually  stated  as  follows  :  C,H„0„  =  2(HC,HjO,). 

Acetic  acid  is  also  produced  from  dilute  solutions  of  alcohol  by 
the  action  of  a  special  bacterial  ferment,  which  accimiulates  upon 
the  surface  of  the  fluid  as  a  mycoderma,  consisting  almost  entirely 
of  the  Bacillus  aceticus  (Mycoderma  aceti).  Free  access  of  oxygen 
is  required,  and  a  temperature  of  about  33°  C.  is  most  favorable  to 
the  process.  According  to  Duclaux,  the  **  Mycoderma  aceti  "  oxi- 
dizes the  alcohol,  in  solutions  containing  it,  so  long  as  any  is  present, 
and  when  it  is  exhausted  it  oxidizes  the  acetic  acid  previoush^ 
formed  by  oxidation  of  the  alcohol,  producing  from  it  carbon  diox- 
ide and  water. 

The  formation  of  acetic  acid  from  alcohol  is  shown  by  the  follow- 
ing formula  :  Ethyl  alcohol  CH..CH,.OH-l-0,  =  CH3.C00H  +  H,0. 

Butyric  acid  is  produced  by  a  considerable  niunber  of  bacteria, 
one  of  which,  named  Bacillus  butyricus,  has  received  the  special  at- 
tention of  Prazmowski.  This  is  strictly  anaerobic.  In  solutions  of 
starch,  dextrin,  sugar,  or  salts  of  lactic  acid,  when  oxygen  is  ex- 
cluded it  produces  butyric  acid  in  considerable  quantity,  and  at  the 
same  time  carbon  dioxide  and  hydrogen  gas  are  set  free.  Duclaux 
gives  the  follo^ving  formula  of  a  solution  containing  lactate  of  lime 
in  which  the  action  of  the  butyric-acid  ferment  may  be  well  studied  : 

Water,  .  .  .  .  .        8  to  10  litres. 

Lactate  of  lime  (pure),    ....  225  grammes. 

Phosphate  of  ammonia,         .  .  .  .        0.76        ** 

Phosphate  of  potash, ,      .  .  .  .  0.4         '* 

Sulphate  of  mag-tiesa,  .  .  .  .0.4  ** 

Sulphate  of  ammonia,      ,  ,  .  .  0.2  ** 
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This  is  introduced  into  a  flask  with  two  necks,  such  as  is  shown 
in  Fig.  77.  Having  filled  the  flask  with  the  culture  liquid,  the  bent 
neck  is  dipped  into  a  porcelain  dish  containing  the  same.  Heat  is 
then  applied  both  to  flask  and  dish,  and  the  liquid  in  each  is  kept  in 
ebullition  for  half  an  hour.  By  this  means  the  air  is  completely 
driven  out  of  the  flask.  This  is  now  allowed  to  cool,  while  the  fluid 
in  the  shallow  dish  is  kept  hot,  so  that  the  liquid  mounting  from  it 
into  the  flask  shall  be  free  from  air.  When  the  flask  is  full  it  is 
transferred  to  an  incubating  oven  heated  to  25°  to  30°  C. ,  and  the  bent 
tube  is  immersed  in  a  dish  containing  mercury.  The  Uttle  funnel 
attached  to  the  upright  tube  is  then  filled  with  carbon  dioxide  and  a 
culture  of  the  butyric-acid  bacillus  is  introduced  into  the  funnel. 
By  turning  the  stopcock  in  the  upright  tube  a  little  of  the  culture  is 


Fio.  77. 

admitted  to  the  flask  without  admitting  any  air.  Fermentation  com- 
mences very  soon,  as  is  seen  by  the  bubbles  of  gas  given  oflf.  The 
liquid  loses  its  transparency  and  the  lactic  acid  is  gradually  con- 
sumed, butyrate  of  lime  taking  the  place  of  the  lactate. 

Aerobic  bacilli  capable  of  producing  butyric  acid  in  culture  solu- 
tions containing  gprape  sugar  or  milk  sugar  have  also  been  described 
by  Liborius  and  by  Hueppe. 

Fitz  has  shown  that  in  culture  solutions  containing  glycerin  the 
Bacillus  pyoc3'anus  produces  butyric  acid  in  addition  to  ethyl  alco- 
hol and  succinic  acid.  Bacillus  Fitzianus  also  produces  some  butyric 
acid  in  solutions  containing  glycerin,  although  the  principal  product 
of  the  fermentation  caused  by  this  microorganism  is,  according  to 
Fitz,  ethyl  alcohol,  twenty-nine  grammes  of  which  may  be  obtained 
from  one  hundred  grammes  of  glycerin. 
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Botkin  has  recently  (1892)  described  a  "Bacillus  butyricus''' 
(No.  466)  which  he  has  not  been  able  to  identify  positively  with  the 
butyric-acid  ferment  described  by  Prazmowski  (No.  404).  It  is  a 
widely  distributed  anaerobic  bacillus,  which  he  was  able  to  obtain  from 
milk  or  water  containing  it  by  placing  it  in  the  steam  sterilizer  for 
half  an  hour.  The  spores  resisted  this  temperature  and  subsequently 
grew  in  anaerobic  cultures,  in  a  suitable  medium,  while  all  other  bac- 
teria and  spores  present  were  destroyed. 

The  writer  has  described  a  bacillus  which  causes  active  acid 
fermentation  in  culture  solutions  containing  glycerin.  The  acid 
formed  is  volatile  and  is  probably  propionic  acid — see  Bacillus  acidi- 
formans  (No.  93). 

The  Caucasian  milk  ferment — Bacillus  Kaukasicus — ^produces 
a  variety  of  products  in  the  fermented  milk  which  is  a  favorite 
drink  among  the  Caucasians.  The  principal  ones  are  ethyl  alcohol, 
lactic  acid,  and  carbon  dioxide,  but  in  addition  to  these  small  quanti- 
ties of  succinic,  butyric,  and  acetic  acids  are  formed.  The  inhabi- 
tants of  the  Caucasian  mountains  prepare  this  fermented  drink  in  a 
veiy  simple  manner  from  the  milk  of  cows  or  goats,  to  which  they 
add  the  dried  ferment  collected  from  a  receptacle  in  which  the  fermen- 
tation had  previously  taken  place.  Flxigge  gives  the  following  di- 
rections for  the  preparation  of  this  drink  : 

'*  Two  methods  may  be  employed.  In  the  first  the  dry  brown  kefir-kor- 
ner  of  commerce  are  allowed  to  lie  in  water  for  five  to  six  hours  until  they 
swell;  they  are  then  carefully  washed  and  placed  in  fresh  milk,  which 
should  be  changed  once  or  twice  a  day  until  the  korner  become  pure  white 
in  color  and  when  placed  in  fresh  milk  quickly  mount  to  the  surface — in 
twenty  to  thirty  minutes.  One  litre  of  milk  is  then  poured  into  a  fiask  and  a 
full  tablespoonful  of  the  prepared  korner  added  to  it.  It  is  allowed  to  stand 
open  for  five  to  eight  hours ;  the  fiask  is  then  closed  and  kept  at  18°  C.  It 
should  be  shaken  every  two  hours.  At  the  end  of  twenty-  four  hours  the 
milk  is  poured  through  a  fine  sieve  into  another  fiask,  which  must  not  be 
more  than  four-fifths  full.  This  is  corked  and  allowed  to  stand,  being 
shaken  from  time  to  time.  At  the  end  of  twenty-four  hours  a  drink  is  ob- 
tained which  contains  but  little  CO*  or  alcohol.  Usually  it  is  not  drunk 
until  the  second  day,  when,  upon  standing,  two  layers  are  formed,  the 
lower  milky,  translucent,  and  the  upper  containing  fine  fiakes  of  casein. 
When  shaken  it  has  a  cream- like  consistence.  On  the  third  day  it  again 
becomes  thin  and  very  acid. 

**  The  second  method  is  used  when  one  has  a  good  kefir  of  two  or  three 
days  to  start  with.  Three  or  four  parts  of  fresh  cow's  milk  are  added  to  one 
part  of  this  and  poured  into  fiasks  which  are  allowed  to  stand  for  forty- 
eight  hours  with  occasional  shaking.  When  the  drink  is  I'eady  for  use  a 
portion  (one- fifth  to  one-third)  is  left  in  the  fiask  as  ferment  for  a  fresh 
quantity  of  milk.  The  temperature  should  be  maintained  at  about  18°  O. ; 
but  at  the  commencement  a  higher  temperature  is  desirable.  The  korner 
should  be  carefully  cleaned  from  time  to  time  and  broken  up  to  the  size  of 
peas.  The  cleaned  korner  may  be  dried  upon  blotting  paper  in  the  sun  or 
m  the  vicinity  of  a  stove:  when  dried  in  the  air  they  retain  their  power  to 
germinate  for  a  long  time.^' 

Fermentation  of  urea.     The  alkaline  fermentation  of  urine  is 
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effected  by  various  microorganisms,  but  chiefly  by  the  Micrococcus 
ureae,  the  ferment  action  of  which  has  been  carefully  studied  by  Pas- 
teur, Duclaux,  and  others.  The  change  which  occurs  under  the 
action  of  the  living  ferment  was  determined  by  the  chemist  Dumas 
as  long  ago  as  1830,  but  it  remained  for  Pasteur  to  show  that  this 
change  depends  upon  the  presence  and  vital  activity  of  a  living 
microorganism. 

The  transformation  of  urea  into  carbonate  of  ammonia  is  shown 
by  the  following  formula :  COH.N,  +  2H,0  =  CO,  +  2NH,  + 
H.O  =  (NHJ.CO3. 

According  to  Van  Tieghem,  Micrococcus  uresB  continues  to  grow 
in  a  liquid  containing  as  much  as  thirteen  per  cent  of  carbonate  of 
ammonia.  It  may  be  cultivated  in  an  artificial  solution  of  urea,  with 
the  addition  of  some  phosphates,  as  well  as  in  urine. 

The  Bacillus  ureae  of  Miquel  has  fdso  the  power  of  producing  the 
alkaline  fermentation  of  urine,  but  it  does  not  thrive  in  so  strong  a 
solution  of  carbonate  of  ammonia. 

A,  different  micrococcus — Micrococcus  uresB  liquef aciens — nas  also 
been  studied  in  Flugge's  laboratory  which  possesses  the  same  power. 
According  to  Musculus,  a  soluble  ferment  may  be  isolated  from  urine 
which  has  xmdergone  alkaline  fermentation,  which  changes  urea  into 
carbonate  of  ammonia.  He  obtained  it  from  urine  containing  con- 
siderable mucus,  in  a  case  of  catarrh  of  the  bladder.  But  Leube  has 
shown  that  cultures  of  Micrococcus  uresB  from  which  the  micrococ- 
cus was  removed  by  filtration  through  clay  do  not  induce  alkaline 
fermentation.  The  soluble  ferment  obtained  by  Musculus  must 
therefore  be  from  some  other  source. 

Miquel  has  given  special  attention  to  the  study  of  bacteria  which 
produce  alkaline  fermentation  in  urine,  and  in  addition  to  the  spe- 
cies above  mentioned  has  described  the  following  :  Urobacillus  Pas- 
teuri  (No.  467),  Urobacillus  Duclauxi  (No.  4G8),  Urobacillus  Freu- 
denreichi  (No.  469),  Urobacillus  Maddoxi  (No.  470),  Urobacillus 
Schutzenbergi  (No.  471). 

Viscous  fermentation,  A  special  fermentation  which  occurs 
sometimes  in  wines,  and  in  the  juices  of  bulbous  roots  containing 
glucose,  and  in  milk,  is  produced  by  various  bacteria.  One  of  these 
is  a  micrococcus  which  has  been  described  by  Conn  under  the  name  of 
Micrococcus  lactis  viscosus  (No,  195).  The  fermented  juices  become 
very  viscous,  owing  to  the  formation  of  a  gum-like  product  resem- 
bling dextrin ;  at  the  same  time  mannite  and  CO,  are  produced. 
The  gum-like  substance,  called  viscose  by  Bechamp,  is  soluble  in 
cold  water  and  is  precipitated  by  alcohol.  Eecently  (1892)  Guille- 
beau  has  described  a  micrococcus  and  a  bacillus  which  produce  vis- 
cous fermentation  in  milk — Micrococcus  Freudenreichi'  (No.  475)  and 
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Bacillus  Hessi  (No.  470).  A  micrococcus  producing  viscous  fermen- 
tation in  milk  has  also  been  described  by  Schmidt-Miihlheim,  and  a 
bacillus  by  Loffler.  Bacillus  mesentericus  vulgatus  also  produces  a 
similar  change  in  milk. 

Marsh  gas,  CH„  is  produced  b}'-  the  fermentation  of  cellulose, 
through  the  action  of  microorganisms  the  exact  characters  of  which 
have  not  yet  been  determined.  According  to  Tappeiner,  there  are 
two  different  fermentations  of  cellulose.  The  first  occurs  in  a  neu- 
tral one-per-cent  flesh  extract  solution  to  which  cotton  or  paper  pulp 
has  been  added.  The  gases  given  off  are  CO,  and  CH,  and  small 
quantities  of  H,S.  The  second  fermentation  occurs  when  an  alkaline 
solution  of  flesh  extract  containing  cellulose  in  suspension  is  used. 
The  gases  formed  are  CO,  and  H.  In  both  cases  small  quantities  of 
aldehyde,  isobutyric  acid,  and  acetic  acid  are  produced. 

Hydrosulplmric  acid,  H,S.  This  gas  is  produced  during  the 
growth  of  certain  bacteria.  The  conditions  governing  its  develop- 
ment have  been  studied  by  Holschewnikoff,  who  experimented  with 
two  species,  one  isolated  by  himself  and  one  by  Lindenbom,  named 
respectively  Bacterium  sulf ureum  and  Proteus  sulfureus.  The  first- 
mentioned  bacterium,  when  inoculated  into  eggs,  produced  within 
three  or  four  days  an  abundant  quantity  of  H,S  ;  the  other  did  not. 
Upon  raw  albumin  both  species  produced  but  little,  and  on  the  yolk 
of  egg  a  considerable  amount  of  this  gas.  Upon  cooked  egg  the 
action  was  the  reverse.  In  peptone-bouillon  the  evolution  of  H,S 
was  abundant ;  in  the  absence  of  peptone,  very  slight. 

Putrefactive  fermentation.  The  putrefactive  decomposition 
of  albuminous  material  of  animal  and  vegetable  origin  is  effected 
by  a  great  variety  of  microorganisms  and  gives  rise  to  the  forma- 
tion of  a  great  variety  of  products,  some  of  which  are  volatile  and 
are  characterized  by  their  offensive  odors.  According  to  Flugge,  the 
first  change  which  occurs  consists  in  the  transformation  of  the  albu- 
mins into  peptone,  and  this  may  be  effected  by  a  large  number  of 
different  bacteria.  Among  the  products  of  putrefactive  fermenta- 
tion known  to  chemists  are  the  following  substances  :  Carbon  diox- 
ide, hydrogen,  nitrogen,  hydrosulphuric  acid  (H,S),  phosphoretted 
hydrogen  (PH,),  methane,  formic  acid,  acetic  acid,  butyric  acid, 
valerianic  acid,  palmitic  acid,  crotonic  acid,  glycohc  acid,  oxalic 
acid,  succinic  acid,  propionic  acid,  lactic  acid,  amidostearic  acid, 
leucin,  ammonia,  ammonium  carbonate,  ammonium  sulphide,  tri- 
methylamine,  propylamine,  indol,  skatol,  tyrosin,neuridin,  cadaverin, 
putrescin,  cholin,  neurin,  peptotoxin,  and  various  other  volatile 
acids,  ptomaines,  etc. 

The  special  products  of  putrefaction  vary  according  to  the  nature 
of  the  material,  the  conditions  in  which  it  is  placed,  and  the  micro- 
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organisms  present.  One  or  the  other  of  the  bacteria  concerned  will 
take  the  precedence  when  circumstances  favor  its  growth.  Thus  the 
aerobic  bacteria  cannot  grow  unless  the  putrefying  material  is  freely 
exposed  to  atmospheric  oxygen ;  the  anaerobic  species  require  its 
exclusion.  Some  saprophytic  bacteria  grow  at  a  comparatively  low 
temperature,  others  take  the  precedence  when  the  temperature  is 
high  ;  some,  no  doubt,  thrive  only  in  presence  of  products  evolved 
by  other  species,  and  are  consequently  associated  with  and  depend- 
ent upon  these  species  ;  some  are  restrained  in  their  growth  sooner 
than  others  by  the  products  evolved  as  a  result  of  their  own  vital 
activity  or  that  of  associated  organisms  ;  some  grow  in  the  presence 
of  acids  and  give  rise  to  an  acid  fermentation  which  wholly  prevents 
the  development  of  other  species. 

At  the  outset  putrefaction  is  often  attended  with  the  presence 
of  several  species  of  micrococci  and  certain  large  bacilli,  which  are 
displaced  later  by  short  motile  bacteria  belonging  to  a  group  which 
includes  several  bacilli  formerly  described  under  the  common  name 
of  Bacterium  termo. 

The  malodorous  volatile  products  of  putrefaction  are  to  a  consid- 
erable extent  produced  by  anaerobic  species.  For  this  reason  these 
odors  are  more  pronounced  when  masses  of  albuminous  material 
undergo  putrefaction  in  situations  where  the  oxygen  of  the  air  has 
not  free  access  or  where  it  is  displaced  by  carbov  dioxide.  The 
body  of  a  dead  animal,  although  freely  exposed  to  the  air,  furnishes 
in  its  interior  a  suitable  nidus  for  these  anaerobic  gas-forming  spe- 
cies, and  they  may  give  rise  to  products  of  one  kind,  while  aerobic 
species  upon  the  surface  of  the  mass  induce  different  forms  of  putre- 
factive fermentation.  In  the  bodies  of  living  animals  these  anaero- 
bic microorganisms  are  constantly  present  in  the  intestine,  and  after 
death  they  quickly  invade  the  body  and  multiply  at  its  expense 
under  favorable  conditions  as  to  temperature.  The  surface  decom- 
position due  to  aerobic  bacteria  occurs  later  and  is  not  attended 
with  the  same  putrefactive  odors,  the  products  evolved  being  of  a 
simpler  chemical  composition — COj,  HN,.  No  doubt  these  aerobic 
bacteria,  by  consuming  the  oxygen  and  forming  an  atmosphere  of 
carbon  dioxide,  help  to  make  the  conditions  favorable  for  the  con- 
tinued development  of  the  anaerobics  in  the  interior  of  the  organic 
mass  ;  at  the  same  time  they  find  a  suitable  pabulum  in  some  of  the 
more  complex  products  of  decomposition  occurring  in  the  absence 
of  oxygen.  The  gases  produced  in  the  interior  of  a  putrefying  mass 
are  mainly  CH„  H,S,  and  H. 

Many  of  the  bacteria  of  putrefaction  are  facultative  anaerobics — 
that  is  to  say,  they  are  able  to  multiply  either  in  the  presence  of  oxy- 
gen or  in  its  absence.     The  products  evolved  by  these  differ,  no 
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doubt,  according  to  whether  they  are  or  are  not  supplied  with  atmo- 
spheric oxygen. 

The  anaerobic  bacteria  concerned  in  putrefaction  have  as  yet  re- 
ceived comparatively  little  attention.  Among  the  aerobics  and  fac- 
ultative anaerobics  the  following  are  best  known  :  Micrococcus 
foetidus  (No.  189),  Bacillus  saprogenes  I.,  II.,  and  III.,  Bacillus 
coprogenes  foetidus  (No.  116),  Bacillus  putrificus  coli  (No.  324),  Pro- 
teus vulgaris  (No.  97),  Proteus  Zenkeri  (No.  100),  Proteus  mirabilis 
(No.  99),  Bacillus  pyogenes  foetidus  (No.  72),  Bacillus  fluorescens 
liquefaciens  (No.  277),  Bacillus  pyocyanus  (No.  95),  Bacillus  coli 
communis  (No.  89),  Bacillus  janthinus  (No.  267). 

Soluble  Ferments. — Several  species  of  bacteria  produce  soluble 
ferments  capable  of  changing  starch  into  maltose,  dextrin,  etc. 
Hueppe  has  shown  that  the  lactic-acid  bacillus  produces  a  diastase, 
and  Miller  obtained  from  the  human  intestine  a  species  which  dis- 
solves starch.  Marcano,  by  filtering  cultures  of  species  capable  of 
this  ferment  action  through  porcelain,  was  able  to  show  that  the 
effect  is  due  to  a  soluble  ferment,  which  must  have  been  produced 
by  the  -vital  activity  of  the  living  microorganisms.  Wortmann  also 
obtained  a  diastase  from  culture  liquids  which  was  precipitated  by 
alcohol  and  again  dissolved  in  water ;  in  slightly  acid  solutions  it 
promptly  converted  starch  into  glucose.  This  is  said  to  be  produced 
in  culture  liquids  only  when  these  do  not  contain  albumin.  In  the 
presence  of  albumin  a  peptonizing  ferment  was  formed  ;  in  its  ab- 
sence, a  diastase  by  which  starch  was  dissolved  to  serve  as  pabulum 
for  the  bacteria  present.  These  experiments  were  not  made  with 
pure  cultures,  and  more  exact  researches  in  this  direction  are  de- 
sirable. 

A  peptonizing  ferment  for  gelatin  is  produced  by  a  considerable 
number  of  bacteria,  as  stated  under  the  heading  **  Liquefaction  of 
Gelatin."  The  jellified  albumin  in  cultures  in  blood  serum  is  also 
liquefied  by  a  peptonizing  ferment  produced  by  certain  species  of  bac- 
teria. 

Some  authors  also  speak  of  a  soluble  ferment  capable  of  inverting 
cane  sugar  or  milk  sugar.  According  to  Hueppe,  such  a  ferment 
is  produced  by  the  Bacillus  acidi  lactici.  A  soluble  ferment  for  cel- 
lulose is  supposed  by  Fliigge  to  be  produced  by  several  species — 
among  others  by  Bacillus  butyricus  and  by  Vibrio  rugula. 

Several  bacilli  produce  a  soluble  ferment  capable  of  coagulating 
the  casein  of  milk. 

Reduction  of  Nitrates,  and  Nitrification, — The  researches  of 
Gayon,  Dupettit,  and  others  show  that  certain  bacteria  are  able  to 
reduce  nitrates  with  liberation  of  ammonia  and  free  nitrogen.  This 
is  effected  in  the  absence  of  oxygen  by  anaerobic  bacteria,  and. 


Digitized  by  CjOOQIC 


PRODUCTS  OF  VITAL  ACTIVITY.  137 

among  others,  by  Bacillus  butyricus.  Certain  aerobic  bacteria  also 
accomplish  the  same  result.  Thus  HersBus  obtained  two  species 
from  water  which  reduced  nitrates  in  a  very  decided  manner.  On 
the  other  hand,  a  number  of  species  are  known  to  oxidize  ammonia, 
producing  nitric  acid.  Schlosing  and  Miinz,  as  a  result  of  numerous 
experiments,  arrived  at  the  conclusion  that  in  the  soil  nitrification  is 
effected  by  a  single  species.  But  it  is  doubtful  whether  they  worked 
with  pure  cultures,  and  more  recent  researches  show  that  several, 
and  probably  many,  different  bacteria  possess  this  power.  Accord- 
ing to  Herseus,  the  following  species,  tested  by  him,  oxidize  am- 
monia :  Bacillus  prodigiosus,  the  cheese  spirilliun  of  Deneke,  the 
FinUer-Prior  spirillum,  the  typhoid  bacillus,  the  anthrax  ba.cillus, 
the  staphylococci  of  pus.  The  oxidation  does  not  always  go  to  the 
point  of  forming  nitrates,  but  nitrites  may  be  formed  in  the  soil 
(Duclaux).  Warrington  states  that  certain  bacteria  which  formed 
nitrates  in  a  suitable  culture  medium  produced  only  nitrites  when, 
after  an  interval  of  four  or  five  months,  some  of  the  culture  was 
transferred  to  a  solution  containing  muriate  of  ammonia.  The  same 
author  states  that  the  process  of  nitrification  occurs  only  in  the 
dark. 

The  recent  researches  of  Winogradsky,  of  the  Franklands,  and  of 
Jordan  show  that  the  failure  of  earlier  investigators  to  obtain  the 
nitrifying  bacteria  from  the  soil  in  pure  cultures  was  due  to  the  fact 
that  these  bacteria  do  not  grow  in  the  usual  culture  media.  By  the 
nse  of  certain  saline  solutions  the  authors  named  have  succeeded  in 
isolating  nitrifying  bacteria  in  pure  cultures,  or  nearly  so.  It  is  still 
nnoertain  whether  these  investigators  have  obtained  the  same  bac- 
teria, but  the  microorganisms  described  by  them,  and  obtained  from 
widely  distant  sources,  are  similar  in  their  morphological  and  bio- 
logical characters,  and  at  least  belong  to  the  same  group  (see  Nos. 
439,  440,  441).  In  his  latest  communication  (September,  1891)  Win- 
ogradsky arrives  at  the  conclusion  that  the  ferments  which  cause 
the  oxidation  of  ammonia  and  production  of  nitrites  are  not  capable 
of  producing  nitrates,  but  that  other  microorganisms  are  concerned 
in  the  oxidation  of  nitrites.  In  sterilized  soil  to  which  a  pure  culture 
of  his  nitromonas  was  added  nitrites  only  were  produced,  and  the 
presence  of  various  microorganisms  common  in  the  soil  did  not  result 
in  the  formation  of  nitrates  so  long  as  the  specific  ferment  was  ab- 
sent to  which  this  second  oxidation  is  ascribed  (nitrifying  bacillus  of 
Winogradsky,  No.  451). 

Phosphorescence, — Recently  several  different  bacteria  have  been 
studied  which,  in  pure  cultures,  give  rise  to  phosphorescence  in  the 
medium  in  which  they  are  cultivated.  In  gelatin  cultures  the  light 
is  suflScient  in  some  instances  to  enable  one  to  tell  the  time  by  a 
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watch  in  a  perfectly  dark  room,  and  such  cultures  have  even  been 
photographed  by  their  own  light. 

The  phosphorescence  is  influenced  by  changes  in  the  culture 
medium  and  by  conditions  of  temperature,  but  we  have  no  exact 
knowledge  of  the  mode  of  its  production.  The  Bacillus  phosphores- 
cens  from  sea  water  in  the  vicinity  of  the  West  Indies  gives  the 
most  striking  results,  especially  when  planted  upon  the  surface  of 
cooked  fish  and  placed  in  an  incubating  oven  at  30®  C.  Two  other 
species  have  been  studied  by  Fischer — one  obtained  from  the  water 
of  the  harbor  at  Kiel,  and  the  other  a  widely  distributed  species 
called  by  Fischer  Bacterium  phosphorescens.  Katz  (1891)  has  re- 
cently described  several  new  species  obtained  by  him  from  sea  water 
and  from  phosphorescent  fish  in  the  markets  at  Sydney,  New  South 
Wales — Bacillus  smaragdino-phosphorescens.  Bacillus  argenteo-phos- 
phorescens.  Bacillus  cyaneo-phosphorescens.  Bacillus  argenteo-phos- 
phorescens  liquefaciens  (Nos.  337,  338,  341,  and  342). 
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Various  basic  substances  containing  nitrogen,  and  in  chemical 
constitution  resembling  the  vegetable  alkaloids,  have  been  isolated 
by  chemists  from  putrefying  material  and  from  cultures  of  the  bac- 
teria concerned  in  putrefaction,  and  also  from  certain  pathogenic 
species.  Some  of  these  ptomaines  are  non-toxic,  and  others  are 
very  poisonous  in  minute  doses  {toxines).  The  toxic  substances 
sometimes  developed  in  milk,  cheese,  sausage,  etc.,  are  also  of  this 
nature,  and  are  doiibtless  produced  by  the  action  of  microorganisms. 
The  pathogenic  power  of  the  bacteria  which  cause  various  infectious 
diseases  in  man  and  the  lower  animals  has  also  been  shown  to  result 
from  the  production  of  toxic  ptomaines  or  of  toxalbumins.  Selmi  first 
gave  the  name  ptomaines  to  cadaveric  alkaloids  isolated  by  him,  and 
Panum  subsequently  called  attention  to  the  fact  that  poisonous  basic 
substances  of  this  class  are  contained  in  putrefying  material.  Ex- 
tended researches  with  reference  to  the  ptomaines  have  since  been 
made  by  numerous  chemists,  the  most  important  being  those  of  Berg- 
mann,  Schmiedeberg,  Zuelzer  and  Sonnenschein,  Hager,  Otto,  Sel- 
mi, Brieger,  Gautier  and  Etard,  and  Vaughan. 

For  a  full  accoimt  of  the  history  and  chemical  composition  of  the 
ptomaines  the  reader  is  referred  to  the  valuable  work  of  Vaughan 
and  Novy  ("  Ptomaines  and  Leucomaines,"  Philadelphia,  1891).  In 
the  present  volume  we  shall  give  a  brief  account  only  of  some  of  the 
most  important. 

NON-TOXIC  PTOMAINES. 

Neuridirty  CjH,^N,. — This  is  one  of  the  most  common  of  the  al- 
kaloids of  putrefaction  and  was  isolated  by  Brieger  in  1884.  It  is 
obtained  most  abundantly  from  tissues  containing  gelatin.  Very 
soluble  in  water,  but  insoluble  in  ether  and  absolute  alcohol.  Has  a 
disagreeable  odor. 

Cadaverin^  C^H.^N,. — Isomeric  with  neuridin ;  has  a  very  dis- 
agreeable odor  ;  forms  a  thick,  transparent,  syrupy  liquid  ;  is  vola- 
tile, and  can  be  distilled  with  steam  without  undergoing  decomposi- 
tion.    When  exposed  to  the  air  the  base  absorbs  carbon  dioxide  and 
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forms  a  crystalline  mass.  Is  produced  in  cultures  of  the  cholera 
spirillum  and  of  the  spirillum  of  Finkler  and  Prior  which  have  been 
kept  for  a  month  or  more  at  37°  C. 

Putrescin,  C^H„N,. — A  base  resembling  cadaverin  and  com- 
monly associated  with  it.  Obtained  by  Brieger  from  various  sources, 
most  abundantly  from  substances  containing  gelatin  and  in  the 
more  advanced  stages  of  putrefaction.  It  is  obtained  in  the  form  of 
a  hydrate,  which  is  a  transparent  liquid  having  a  boiling  point  of 
about  135°.     With  acids  it  forms  crystalline  salts. 

Saprin,  CjA^Nj. — Resembles  cadaverin  and  is  commonly  as- 
sociated with  it  in  putrefying  material.     Isolated  by  Brieger. 

Methylamine,  CH,.NH,. — Obtained  by  Brieger  from  putrefying 
fish  and  from  old  cultures  of  the  cholera  spirillum. 

Dimethylamine,  (CH,),.NH. — Obtained  by  Brieger  from  putre- 
fying gelatin  and  by  Bocklisch  from  decomposing  fish. 

Triinethylamine,  (CHJjN. — Obtained  from  various  sources,  and 
by  Brieger  from  cultures  of  the  cholera  spirillum  and  of  the  strepto- 
coccus of  pus. 

TOXIC  PTOMAINES. 

Neurin,  C^H^NO. — First  obtained  by  Liebreich  in  1865  as  a 
decomposition  product  of  protagon  from  the  brain.  Obtained  by 
Brieger  from  putref^nng  muscular  tissue.  When  crystallized  from 
an  aqueous  solution  it  forms  five-  or  six-sided  plates  ;  from  an  alco- 
holic solution  it  crystallizes  in  the  form  of  needles  (Liebreich).  This 
base  is  toxic  in  small  doses.  In  frogs  the  injection  of  a  few  milli- 
grammes produces  paralysis  of  the  extremities.  Respiration  is  first 
arrested  and  the  heart  stops  in  diastole.  Atropine  appears  to  be  a 
physiological  antidote  to  the  toxic  effects  of  neurin.  In  rabbits  it 
produces  profuse  salivation.  The  pupil  is  contracted  by  the  direct 
application  of  a  concentrated  solution. 

Cholin,  CjH.^N'O,. — First  obtained  from  hog's  bile  by  Strecker 
in  18G2.  Has  been  obtained  by  Brieger  from  various  sources,  in- 
cluding cultures  of  the  cholera  spirillum.  It  is  also  found  widely 
distributed  in  the  vegetable  kingdom.  May  be  prepared  from  the 
yolk  of  eggs  by  the  method  of  Diakonow.  Cholin  is  obtained  in  the 
form  of  a  syrupy,  alkaline  liquid  which  combines  with  acids  to  form 
deUquescent  salts.  At  first  this  base  was  not  supposed  to  have  toxic 
properties,  but  more  recent  researches  have  shown  that  in  compara- 
tively large  doses  it  produces  symptoms  resembling  those  caused  by 
minute  doses  of  neurin. 

Muscarin,  C,H,jNO,. — This  toxic  principle  of  poisonous  mush- 
rooms has  also  been  obtained  by  Brieger  from  putrefying  fish.  It  may 
be  produced  artificially  by  the  oxidation  of  cholin.  In  small  doses 
it  kills  rabbits  and  frogs.     In  the  rabbit  it  produces  lacrymation  and 
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salivation,  the  pupil  is  contracted,  and  the  animal  dies  in  convul- 
sions. Frogs  are  completely  paralyzed  by  the  action  of  mnscarin 
and  die  with  arrest  of  the  heart's  action  in  diastole. 

Peptotoxin, — The  exact  composition  of  this  ptomaine  has  not 
been  determined.  Brieger  obtained  it  during  the  early  putrefac- " 
tion  of  proteid  substances  and  also  from  the  artificial  digestion  of 
fibrin.  It  is  very  poisonous  for  frogs,  which  become  paralyzed  and 
die  within  fifteen  or  twenty  minutes  after  the  subcutaneous  injection 
of  a  few  drops  of  a  dilute  solution.  Rabbits  also  are  killed  by  doses 
of  half  a  gramme  to  a  gramme,  the  s3hnptoms  being  paralysis  of  the 
posterior  extremities  and  stupor.  Peptotoxin  is  soluble  in  water, 
but  insoluble  in  ether  or  chloroform.     It  is  not  destroyed  by  boiling. 

Tyrotoxicon, — First  obtained  by  Vaughan  in  poisonous  cheese, 
and  subsequently  by  the  same  chemist  and  others  in  poisonous  milk 
and  ice  cream.  Chemically  tyrotoxicon  is  very  unstable.  It  is  de- 
composed when  heated  with  water  to  OO*'  C.  It  is  insoluble  in  ether. 
From  sixteen  kilogrammes  of  poisonous  cheese  Vaughan  obtained 
0.5  gramme  of  the  poison.  The  symptoms  produced  in  man  by  eat- 
ing cheese  or  milk  containing  tyrotoxicon  are  vertigo,  nausea,  vomit- 
ing, and  severe  rigors,  with  pain  in  the  epigastrium,  cramps  in  the 
legs,  griping  pain  in  the  bowels  attended  with  purging,  numbness 
and  a  pricking  sensation  in  the  limbs,  and  great  prostration. 

Methyl-guanidin,  CgH^N,. — Obtained  by  Brieger  from  putrefy- 
ing horseflesh  which  had  been  kept  at  a  low  temperature  for  several 
months.  This  base  was  previously  known  to  chemists,  having  been 
obtained  by  the  oxidation  of  creatin.  By  Bocklisch  it  has  been  ob- 
tained from  impure  cultures  of  the  Finkler-Prior  spirillum  which 
had  been  kept  for  about  a  month.  It  is  obtained  as  a  colorless  mass 
having  an  alkaline  reaction,  and  which  is  quite  deliquescent.  Brie- 
ger gives  the  following  account  of  the  toxic  action  as  tested  on 
guinea-pigs  in  a  dose  of  0.2  gramme  :  The  respiration  increases  in 
rapidity,  the  pupils  dilate  to  the  extreme  limit,  the  animal  has  copi- 
ous discharges  of  urine  and  faeces,  the  extremities  become  paralyzed, 
and  at  the  end  of  about  twenty  minutes  death  occurs  in  convulsions. 

Mytilotoxin. — Obtained  by  Brieger  from  poisonous  mussels. 
The  toxic  action  resembles  that  of  curare. 

Typhotoxtn,  C,H„NO,. — Obtained  by  Brieger  from  bouillon 
cultures  of  the  typhoid  bacillus  which  had  been  kept  for  a  week  or 
more  at  a  temperature  of  about  37.5°  C.  In  mice  and  guinea-pigs 
this  base  produces  salivation,  rapid  respiration,  dilatation  of  the 
pupils,  diarrhoea,  and  death  in  from  twenty-four  to  forty-eight  hours. 
It  is  believed  by  Brieger  that  the  specific  action  of  the  typhoid  bacil- 
lus is  due  to  the  production  of  this  ptomaine. 

A  base  which  is  isomeric  with  typhotoxin  has  been  obtained  by 
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Brieger  from,  putrefying  horseflesh  which  was  kept  at  a  low  tempe- 
rature for  several  months.  Unlike  it,  however,  the  free  base  has 
an  acid  reaction,  while  typhotoxin  is  strongly  alkaline.  It  difiiers  also 
in  its  physiological  action,  being  more  toxic  and  producing  convul- 
sions ;  the  heart  is  arrested  in  diastole.  Typhotoxin,  on  the  other 
hand,  does  not  induce  convulsions  and  the  heart  is  arrested  in  systole. 

Tetanin,  C^H^N,©,. — Obtained  by  Brieger  from  impure  cul- 
tures of  the  tetanus  bacillus  cultivated  in  bouillon  in  an  atmosphere 
of  hydrogen.  (The  tetanus  bacillus  is  a  strict  anaerobic.)  Obtained 
subsequently  by  the  same  chemist  from  the  amputated  arm  of  a  pa- 
tient with  tetanus.  This  base  has  been  obtained,  by  crystallization 
from  hot  alcohol,  in  clear  yellow  plates  which  are  not  very  soluble  in 
water.  The  hydrochloride  is  a  deliquescent  salt  which  dissolves 
readily  in  alcohol.  When  injected  into  guinea-pigs  or  mice  in  rather 
large  doses,  tetanin  first  causes  the  animal  to  fall  into  a  lethargic 
condition,  followed  by  increased  rapidity  of  respiration  and  tetanic 
convulsions.  In  guinea-pigs  opisthotonos  is  induced,  together  with 
the  characteristic  tetanic  convulsions  as  seen  in  animals  suffering  from 
tetanus.  Three  other  toxic  bases  have  been  obtained  by  Brieger 
from  cultures  of  the  tetanus  bacillus,  which  cause  similar  symptoms. 
One — tetanotoxin — ^is  given  by  Brieger  the  formula  C^H^N.  A 
second  base,  the  composition  of  which  has  not  been  determined,  is 
called  spasmotoxin, 

Cholet^a  Ptomaines, — Brieger  has  obtained  from  pure  cultures 
of  the  cholera  spirillum  several  of  the  toxic  ptomaines  heretofore  re- 
ferred to — cadaverin,  putrescin,  cholin,  methyl-guanidin.  In  addi- 
tion to  these  he  found  two  toxic  substances  which  appear  to  be  pe- 
culiar products  of  this  microorganism.  One  induces  cramps  and 
muscular  tremors  in  small  animals,  the  other  diarrhoea  and  symp- 
toms of  collapse. 

Toxalbumins, — Recent  researches  by  Brieger  and  Frankel  (1800) 
show  that  very  toxic  substances  of  a  different  nature  are  present  in 
cultures  of  some  of  the  pathogenic  bacteria  ;  these  have  been  desig- 
nated by  the  authors  named  **toxalbumins." 

Roux  and  Yersin  had  previously  shown  that  filtered  cultures  of  the 
diphtheria  bacillus  contain  a  toxic  substance  which  produces  paralysis 
and  death  in  guinea-pigs  and  rabbits.  This  substance  has  now  been 
obtained  in  a  pure  state  and  its  toxic  action  tested  by  the  authors 
first  named.  It  is  destroyed  by  a  temperature  of  60°  C. ,  but  remains 
in  an  active  condition  in  cultures  which  have  been  sterilized  by  seve- 
ral hours'  exposure  to  a  temperature  of  50°,  or  in  those  which  have 
been  passed  through  a  clay  filter.  It  is  not  volatile,  and  differs  essen- 
tially from  the  ptomaines  and  also  from  the  soluble  ferments.  It 
was  obtained   as    a  snow-white,  amorphous  mass  which  was  ex- 
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tremely  toxic  in  its  action  upon  small  animals.  When  injected  into 
guinea-pigs  in  the  proportion  of  two  and  one-half  milligrammes  to 
one  kilogranmie  of  body  weight,  it  caused  death  after  a  considerable 
interval  of  time  (from  a  few  days  to  several  weeks),  during  which 
the  animal  became  emaciated  and  spreading  abscesses  and  necrosis 
of  the  tissues  occurred  at  the  point  of  injection.  This  toxalbumin 
was  obtained  in  a  pure  state  by  repeated  precipitation  from  an  aque- 
ous solution  by  means  of  alcohoL  It  is  produced  most  abundantly 
in  cultures  containing  albumin,  and  old  cultures  are  more  toxic  than 
recent  ones.  Chemical  analysis  gave  the  following  result :  C  45,  35, 
H  7,  13,  N  16,  33,  S  1,  39,  O  29,  80.  The  authors  remark,  however, 
that  the  chemical  characters  have  not  yet  been  fully  determined. 

The  same  chemists  have  obtained  toxic  substances  of  a  similar 
nature  from  cultures  of  the  bacillus  of  typhoid  fever,  of  the  tetanus 
bacillus,  of  the  Staphylococcus  aureus,  and  of  the  cholera  spirillum. 
Hankin  had  previously  obtained  a  toxic  "albumose"  from  cultures 
of  the  anthrax  bacillus  by  precipitation  with  alcohol,  drying,  solu- 
tion in  water,  and  filtration  through  porcelain ;  and  Christmas  had 
obtained  an  albuminous  substance  from  cultures  of  Staphylococcus 
aureus  which  produced  pus  formation  when  injected  beneath  the 
skin  of  rabbits  or  into  the  anterior  chamber  of  the  eye. 

According  to  Brieger  and  Frankel,  these  toxalbumins  are  divided 
into  two  principal  groups,  one  of  which  is  characterized  by  solubility 
in  water,  as  in  that  produced  by  the  diphtheria  bacillus  ;  and  one  in 
which  the  albumin  is  insoluble  or  but  slightly  soluble,  as  is  the  case 
with  those  obtained  from  cultures  of  the  typhoid  bacillus,  the  cholera 
spirillum,  and  the  Staphylococcus  aureus. 

The  toxalbumin  from  cholera  cultures,  obtained  as  pure  as  pos- 
sible and  suspended  in  water,  when  injected  under  the  skin  of  a 
guinea-pig,  caused  its  death  in  two  or  three  days.  It  was  not,  how- 
ever, toxic  for  rabbits,  even  when  injected  in  considerable  quantity. 

On  the  contrary,  the  toxalbumin  of  the  typhoid  bacillus,  which  is 
dissolved  with  difficulty  in  water,  was  more  poisonous  for  rabbits 
than  for  guinea-pigs.  When  injected  subcutaneously  into  rabbits 
death  usually  occurred  in  eight  to  ten  days.  No  notable  pathologi- 
cal changes  were  observed  at  the  autopsy. 

The  toxalbumin  of  Staphylococcus  aureus  killed  rabbits  and 
guinea-pigs  within  a  few  days,  and  in  some  cases  at  the  end  of 
twenty-four  hours.  The  post-mortem  appearances  were  necrosis  or 
purulent  breaking  down  of  the  tissues  at  the  point  of  injection,  with 
swelling  andredne&sof  the  surrounding  tissues  and  general  inflam- 
matory appearances.  The  toxalbumin  of  anthrax  cultures  resembles 
that  of  the  diphtheria  bacillus  in  being  soluble  in  water.  It  was 
obtained  by  Brieger  from  the  organs  of  animals  recently  dead  from 
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anthrax.  In  a  dry  condition  it  has  a  grayish-white  color  and  gives 
the  reactions  of  albumins. 

The  toxalbumin  of  the  tetanus  bacillus  is  also  soluble  in  water. 
It  is  best  obtained  in  bouillon  cultures  containing  glucose. 

Quite  recently  (1891)  Q.  and  F.  Klemperer  have  annoimced  their 
success  in  obtaining  a  toxalbumin  from  cultures  of  Micrococcus 
pneumoniae  crouposae  (**  diplococcus  pnemnonisB  ");  this  they  propose 
to  call  pneumotoxin. 

Koch's  "  Tuberculin/' — This  is  a  glycerin  extract  of  the  toxic 
substances  present  in  cultures  of  the  tubercle  bacillus.  Crude  tu- 
berculin is  obtained  from  liquid  cultures  made  in  veal  broth  to  which 
one  per  cent  of  peptone  and  four  to  five  per  cent  of  glycerin  have 
been  added.  This  culture  liquid  is  placed  in  flasks  and  inoculated 
upon  the  surface  with  small  masses  from  a  pure  culture  of  the  tu- 
bercle bacillus.  A  tolerably  thick  and  dry  white  layer  is  developed, 
which  after  a  time  covers  the  entire  surface.  At  the  end  of  six  to 
eight  weeks  development  ceases  and  the  culture  Uquid  is  evaporated 
over  a  water  bath  to  one-tenth  its  volume  ;  this,  after  being  filtered, 
constitutes  the  crude  tuberculin.  By  precipitation  with  sixty-per- 
cent alcohol  Koch  has  obtained  from  this  a  white  precipitate  which 
has  the  active  properties  of  the  glycerin  extract.  This  is  soluble  in 
water  and  in  glycerin,  and  has  the  chemical  reactions  of  an  albumi- 
nous body. 

Zuelzer  has  recently  (1891)  reported  his  success  in  isolating  a 
toxic  substance  from  tubercle  cultures.  The  contents  of  tubes  con- 
taining pure  cultures  of  the  bacillus  are  first  treated  with  hot  water 
acidulated  with  hydrochloric  acid.  This  solution  is  filtered,  evapo- 
rated, and  then  several  times  precipitated  with  platinimi  chloride. 
The  double  salt  formed  is  decomposed  by  hydrosulphuric  acid, 
after  which  the  liquid  is  fiiltered  and  evaporated  to  dryness.  A 
white,  crystalline  salt  is  thus  obtained  which  is  soluble  in  hot  water. 
This  salt  was  toxic  for  rabbits  and  guinea-pigs  in  doses  of  from  one 
to  three  centigrammes.  Death  usually  occurred  in  from  two  to  four 
days.  In  guinea-pigs  one  centigramme  injected  subcutaneously 
caused,  within  a  few  minutes,  a  greatly  increased  frequency  of  respi- 
ration, an  elevation  of  temperature,  and  protrusion  of  the  eyeballs. 

Mallein, — Kalwing,  Preusse,  and  Pearson  have  obtained  from 
cultures  of  the  glanders  bacillus  a  "lymph"  which  somewhat  re- 
sembles the  crude  tuberculin  of  Koch.  This  was  obtained  by 
Preusse  by  treating  old  potato  cultures  of  the  glanders  bacillus  with 
glycerin  and  water.  The  extract  was  filtered  several  times  and  then 
sterilized  in  a  steam  steriUzer.  This  lymph  injected  into  horses  in- 
fected with  glanders  gives  rise  to  a  very  decided  elevation  of  tempe- 
rature, while  in  horses  free  from  this  disease  no  such  result  follows. 
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Heat, — We  have  already  seen  (Section  II.,  Part  Second)  that  the 
temperature  favorable  for  the  growth  of  most  bacteria  is  between  20° 
and  40°  C. ;  that  some  species  are  able  to  multiply  at  the  freezing  tem- 
perature, and  others  at  as  high  a  temperature  as  60°  to  70°  C. ;  that, 
as  a  rule,  the  parasitic  species  require  a  temperature  of  35°  to  40°; 
and  that  low  temperatures  do  not  kill  bacteria. 

Frifich  ( 1877)  exposed  various  cultures  to  a  temperature  of  —  87°  C. , 
which  he  obtained  by  the  evaporation  of  liquid  CO^,  and  found  that 
micrococci  and  bacilli,  after  exposure  to  such  a  temperature,  multi- 
plied abundantly  when  again  placed  in  favorable  conditions.  Prud- 
den  has  also  made  extended  experiments  upon  the  influence  of 
freezing.  He  found  that  while  certain  species  resisted  the  freezing 
temperature  for  a  long  time,  others  failed  to  grow.  Thus  Bacillus 
prodigiosus  did  not  grow  after  being  frozen  for  fifty-one  days ;  Pro- 
teus vulgaris  was  killed  in  the  same  time,  and  a  slender,  liquefying 
baciDus  obtained  from  Croton  aqueduct  water  was  killed  in  seven 
dajs.  Staphylococcus  pyogenes  aureus  withstood  freezing  for  sixty- 
^^x  days,  a  fluorescent  bacillus  from  Hudson  River  ice  for  seventy- 
seven  days,  and  the  bacillus  of  typhoid  fever  for  one  himdred  and 
three  days.  Cultures  made  at  intervals  showed,  however,  a  dimi- 
nution in  the  number  of  bacteria.  A  similar  diminution  would  per- 
haps have  occurred  in  old  cultures  in  which  the  pabulum  for  growth 
was  exhausted,  independently  of  freezing  ;  for  bacteria,  like  higher 
plants,  die  in  time — which  varies  for  different  species — as  a  result  of 
degenerative  changes  in  the  living  protoplasm  of  the  cells,  and  con- 
tinued vitality  in  a  cultm-e  depends  upon  continued  reproduction. 

Repeated  freezing  and  thawing  was  found  by  Prudden  to  be 
more  fatal  to  the  typhoid  bacillus  than  continuous  freezing.  Cul- 
tures were  sterilized  by  being  thawed  out  at  intervals  of  three  days 
and  again  ref  rozen,  after  repeating  the  operation  five  times. 

Cadeac  and  Malet  kept  portions  of  a  tuberculous  limg  in  a  frozen 
condition  for  four  months,  and  found  that  at  the  end  of  this  time 
tuberculosis  was  still  produced  in  guinea-pigs  by  injecting  a  small 
quantity  M  this  material. 
10 
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In  considering  the  influence  of  high  temperatures  we  must  take 
account  of  the  very  great  difference  in  the  resisting  power  of  the 
vegetative  cells  and  the  reproductive  elements  known  as  spores,  also 
of  the  fact  as  to  whether  dry  or  moist  heat  is  used  and  the  time  of 
exposure. 

Dry  Heat, — When  microorganisms  in  a  desiccated  condition  are 
exposed  to  the  action  of  heated  dry  air,  the  temperature  required  for 
their  destruction  is  much  above  that  required  when  they  are  in  a 
moist  condition  or  when  they  are  exposed  to  the  action  of  hot  water 
or  steam.  This  was  thoroughly  demonstrated  by  the  experiments  of 
Koch  and  Wolffhiigel  (1881).  A  large  number  of  pathogenic  and 
non-pathogenic  species  were  tested,  with  the  following  general  result : 
A  temperature  of  78°  to  123°  C.  maintained  for  an  hour  and  a  half 
(over  100°  for  an  hour)  failed  to  kill  various  non-pathogenic  bacteria, 
but  was  fatal  to  the  bacillus  of  mouse  septicaemia  and  that  of  rabbit 
septicaemia.  To  insure  the  destruction  of  all  the  species  tested,  in 
the  absence  of  spores,  a  temperature  of  120°  to  128°  C,  maintained 
for  an  hour  and  a  half,  was  required. 

The  spores  of  Bacillus  anthracis  and  of  Bacillus  subtiUs  resisted 
this  temperature  and  required  to  insure  their  destruction  a  tempera- 
ture of  140°  C.  maintained  for  three  hours.  This  temperature  was 
found  to  injure  most  objects  requiring  disinfection,  such  as  clothing 
and  bedding.  But  the  lower  temperature  which  destroys  micro- 
organisms in  the  absence  of  spores  (120°  C.  =  248°  F.)  can  be  used 
for  disinfecting  articles  soiled  with  the  discharges  of  patients  w4th 
cholera,  typhoid  fever,  or  diphtheria,  as  the  specific  germs  of  these 
diseases  do  not  form  spores.  It  is  probable  also  that  it  may  be  safely 
used  to  disinfect  the  clothing  of  small-pox  patients,  for  we  have  ex- 
perimental evidence  that  a  lower  temperature  destroys  the  virulence 
of  vaccine  virus  (00°-05°  C— Baxter). 

In  practical  disinfection  by  means  of  dry  heat  it  will  be  necessary 
to  remember  that  it  has  but  little  penetrating  power.  In  the  experi- 
ments of  Koch  and  Wolffhiigel  it  was  found  that  registering  ther- 
mometers placed  in  the  interior  of  folded  blankets  and  packages  of 
various  kinds  did  not  show  a  temperature  capable  of  killing  bacteria 
after  three  hours'  exposure  in  a  hot-air  oven  at  133°  C.  and  above. 

Moist  Heat, — The  thermal  death-point  of  bacteria,  in  the  ab- 
sence of  spores,  is  comparatively  low  when  they  are  exposed  to  moist 
heat.     The  results  of  the  writer's  experiments  are  given  below: 

**  Id  my  temperature  experiments  I  have  taken  great  pains  to  insure  the 
exposure  of  the  test  organisms  to  a  uniform  temperature,  and  have  adopted 
t«*u  minutes  as  the  standard  time  of  exposure.  The  method  employed 
tliroughout  has  been  as  follows:  From  glass  tubing  having  a  diameter  of 
about  three-sixteenths  of  an  inch  I  draw  out  in  the  flame  of  a  Buif^n  burner 
a  number  of  capillary  tubes,  with  an  expanded  extremity  which  serves  as 


Digitized  by  CjOOQIC 


INFLUENCE   OP  PHYSICAL  AGENTS. 


147 


an  air  chamber.  A  little  material  from  a  pure  culture  of  the  test  organ- 
ism is  drawn  into  each  of  these  capillary  tubes  by  immersinsf  the  open 
extremity  in  the  culture,  after  having  gently  heated  the  expanded  end.  The 
end  of  the  tube  is  then  hermetically  sealed  by  heat  These  tubes  are  im- 
mersed in  a  water  bath  maintained  at  the  desired  temperature  for  the  stan- 
dard time.  The  bath  is  kept  at  a  uniform  temperature  by  personal  supervi- 
sion. At  the  bottom  of  the  vessel  is  a  thick  glass  plate  which  prevents  the 
thermometer  bulb  and  capillary  tubes,  which  rest  upon  it,  from  being  ex- 
posed to  heat  transmitted  directly  from  the  bottom  of  the  vessel  To  further 
guard  against  thjp  I  am  in  the  habit  of  applying  the  flame  to  the  sides  of  the 
vessel,  and  a  uniform  temperature  througnout  the  bath  is  maintained  by 
frequent  stirring  with  a  glass  rod.  It  is  impossible  to  avoid  slight  variations, 
but  by  keeping  my  eye  upon  the  thermometer  throughout  the  experiment 
I  liave  kept  these  witiiin  very  narrow  limits.  ...  No  attempt  has  been  made 
to  fix  the  thermal  death-point  within  narrower  limits  than  2''  C,  and  in  the 
table  the  lowest  temperature  is  given  which  has  been  found,  in  the  experi- 
ments made,  to  destroy  all  of  the  microorganisms  in  the  oiaterial  subjected 
to  the  test.  No  doubtinore  extended  experiments  would  result,  in  some  in- 
stances, in  a  reduction  of  the  temperature  given  as  the  thermal  death-point 
for  a  degree  or  moi'e.  But  the  results  as  stated  are  sufficiently  accurate  for 
all  practical  purposes."  * 

The  results  obtained  in  these  experiments,  for  non-sporebearing 
bacteria,  are  given  in  the  following  table.  The  time  of  exposure 
was  ten  minutes,  except  for  the  cholera  spirillum  and  the  cheese  spi- 
rillum of  Deneke. 

THERMAL  DEATH-POINT  OP  BACTERIA. 


Spirillum  cholene  Asiatics 

Spirillum  tyrogenum  (cheese  spirillum) . 
spirillum  Finkler- Prior 


Bacillus  typhi  abdomiDalis 

Bacillus  of  schweiQerothlauf  (rouget) 

Bacillus  murisepticus 

Bacillus  Neapolitauus  (Emmerich's  bacillus).. 

Bacillus  cavicida 

Bacillus  pneumoDis  (Friedlftnder's) 

Bacillus  crassus  sputigenus 

Bacillus  pyocyanus 

Bacillus  iodicus 

Badllns  prodigiosus 

Bacillus  ^anogenus 

Bacillus  nuorescens 

Bacillus  acidi  lactici 

Staphylococcus  pyogenes  aureus 

Staphylococcus  pyogenes  citreus — 

Staphylococcus  pyogenes  albus 

Strepux?o€CU8  pyogenes 

Microcoocus  tetragenus 

Micrococcus  Pasteuri 

Sarcina  lutea 

Sarcina  aurantiaca 


Centigrade. 

Fahrenheit. 

52-' 

125.6'  (4  m.) 

53 

125.6    (4  m.) 

50 

122. 

56 

138.8 

58 

136.4 

58 

136.4 

62 

143.6 

62 

143.6 

56 

132.8 

54 

129.2 

56 

132.8 

58 

136.4 

58 

186.4 

54 

129.2 

54 

129.2 

56 

132.8 

58 

136.4 

62 

143.6 

62 

143.6 

54 

1292 

58 

136.i 

5-3 

125.6 

64 

147.2 

62 

143.6 

The  following  determinations  of  the  thermal  death-point  of  path- 

1  Quoted  from  the  Report  of  the  Committee  on  Disinfectants  of  the  American  Pub- 
lic Health  Association,  pages  186  and  152. 
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ogenic  organisms  have  been  made  by  the  authors  named  :  Bacillus 
anthracis  (Chauveau),  54°  C.  ;  Bacillus  mallei — the  bacillus  of  glan- 
ders— (Loffler),  55°  C,  Bacillus  gallinarum — ^micrococcus  of  fowl 
cholera— (Salmon),  56°  C.  ;  Bacillus  of  diphtheria  (Loffler),  60°  C. 

In  the  writer's  experiments  the  micrococcus  of  gonorrhoea  was 
apparently  killed  by  exposure  for  ten  minutes  to  a  temperature  of 
60°  C. 

"  Some  gonorrhoeal  pus  from  a  recent  case  which  had  not  undem>ne 
treatment  was  coUectea  for  me  by  my  friend  Dr.  Rohe  in  the  capillary 
glass  tubes  heretofore  described.  A  microscopical  examination  of  stained 
cover-glass  preparations  showed  that  this  pus  contained  numerous  *  ffono- 
cocci '  in  the  interior  of  the  cells.  Two  of  the  capillary  tubes  were  placed 
in  a  water  bath  maintained  at  60**  C.  for  ten  minutes.  The  pus  was  then 
forced  out  upon  two  pledgets  of  cotton  wet  with  distilled  water.  Two 
healthy  men  had  consented  to  submit  to  the  experiment,  and  one  of  these 
bite  of  cotton  was  introduced  into  the  urethra  of  each  and  left  in  situ  for 
half  an  hour.  As  anticipated,  the  result  was  entirely  negative.  For  obvi- 
ous reasons  no  control  experiment  was  made  to  fix  the  thermal  death- point 
within  narrower  limits. 

**  In  connection  with  these  experimente  upon  the  thermal  death -point  of 
known  pathogenic  organisms,  it  is  of  interest  to  inquire  whether  tne  viru- 
lence of  infectious  material,  in  which  it  has  not  been  demonstrated  that  this 
virulence  is  due  to  a  microorganism,  is  destroyed  by  a  correspondingly  low 
temperature.  Evidently,  if  this  proves  to  be  the  case,  it  will  be  a  strong 
argument  in  favor  of  the  view  that  we  have  to  deal  with  a  microorganism 
in  these  diseases  also.  We  have  experimental  proof  that  a  large  number  of 
pathogenic  organisms  are  killed  by  exposure  for  ten  minutes  to  a  tempera- 
ture of  55°  to  eC  C.  But,  so  far  as  I  am  aware,  this  low  temperature  would 
not  be  likely  to  destroy  any  of  the  poisonous  chemical  products  which  mi^ht 
be  supposed  to  be  the  cause  of  infective  virulence,  leaving  aside  the  fact  that 
such  chemical  producte  have  no  power  of  self- multiplication,  and,  there- 
fore, could  not  be  the  independent  cause  of  an  infectious  disease.  ^ 

**  Vaccitie  Viriia. — Carstens  and  Coert  have  experimented  upon  the  tem- 
perature required  to  destroy  the  potency  of  vaccine  virus.  In  a  paper  read 
at  the  International  Medical  Congress  in  1879  they  report,  as  a  result  of 
their  experimente,  that  the  maximum  degree  of  heat  to  which  fresh  vaccine 
virus  can  be  exposed  without  losing  its  virulence  probably  varies  between 
52°  and  54°  C.  Fresh  animal  vaccine  heated  to  52°  C.  for  thirty  minutes 
does  not  lose  ite  virulence.  Fresh  animal  vaccine  heated  to  54.5'  for  thirty 
minutes  loses  ite  virulence. 

'^  Ritiderpest. — According  to  Seramer  and  Kaupach,  exposure  for  ten 
minutes  to  a  temperature  of  55°  C.  destroys  the  virulence  of  the  infectious 
material  in  this  disease. 

*'  Sheep-pox. — The  authors  last  mentioned  have  also  found  that  the  same 
temperature — 55°  C.  for  ten  minutes— destroys  the  V^irulence  of  the  blood  of 
ail  animal  dead  from  sheep-pox. 

"  Hydrophobia. — Desiring  to  fix  the  thermal  death-point  of  the  virus  of 
hydrophobia,  I  obtained,  through  the  kindness  of  Dr.  H.  C.  Ernst,  a  rabbit 
which  had  been  inoculated,  by  the  method  of  trephining,  with  material 
which  came  originally  from  Pasteur's  laboratory.  The  rabbit  sent  me 
showed  the  first  symptom  of  paralytic  rabies  on  the  eighth  day  after  inocu- 
lation. It  died  on  the  eleventh  day  (March  2d,  1887),  and  I  at  once  pro- 
ceeded to  make  the  following  experiment : 

**  A  portion  of  the  medulla  was  removed  and  thoroughly  mixed  with 

1  Since  this  was  written  Brieger  has  isolated  a  toxalbumin  from  cultures  of  the 
diphtheria  bacillus  which  is  destroyed  by  a  temperature  of  60"  C,  but  resiste  50% 
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Sterilized  water.  The  milky  emulsion  was  introduced  into  four  capillarj 
tubes,  such  as  had  been  used  in  my  experiments  heretofore  recorded.  Two 
of  these  tubes  were  then  placed  for  ten  minutes  in  a  water  bath,  the  tem- 
perature of  which  was  maintained  at  60"  C.  Four  rabbits  were  now  inocu- 
lated by  trephining,  two  with  the  material  exposed  to  60**  C.  for  ten  min- 
utes, and  two  with  the  same  material  from  the  capillary  tube  not  so  exposed. 
The  result  was  as  definite  and  satisfactory  as  possible.  The  two  control 
rabbits  were  taken  sick,  one  on  March  10th  and  one  on  the  11th  ;  both  died 
with  the  characteristic  symptoms  of  paralytic  rabies  on  the  third  day.  The 
two  rabbits  inoculated  with  material  exposed  to  60°  C.  remained  in  perfect 
health.  On  the  26th  of  March  one  of  these  rabbits  was  again  inoculated, 
by  trephining,  with  material  from  the  medulla  of  a  rabbit  just  dead  from 
hydrophobia.  This  rabbit  died  from  paralytic  rabies  on  the  8th  of  April. 
Its  companion  remains  in  perfect  healtn. 

'^  A  second  experiment  was  made  in  the  same  way  on  the  14th  of  March. 
Two  rabbits  were  inoculated  with  material  exposed  for  ten  minutes  to  a 
temperature  of  50'  C. ;  two  with  material  exposed  to  55"  C. ;  and  two  con- 
trol rabbits  with  material  not  so  exposed.  One  of  the  rabbits  inoculated 
with  material  exposed  to  50°  C,  and  one  of  the  control  rabbits,  died  on  the 
25th;  the  other  rabbit  inoculated  with  the  material  exposed-to  50%  the  other 
control,  and  one  inoculated  with  material  exposed  to  55°,  on  the  26th.  The 
second  rabbit  inoculated  with  material  exposed  to  55°  died  five  days  later 
with  the  characteristic  symptoms  of  the  disease.  These  experiment^  show, 
then,  that  the  virus  of  hydrophobia  is  destroyed  by  a  temperature  of  60°  C, 
and  that  55^  O.  fails  to  destroy  it,  the  time  of  exposure  being  ten  minutes.'^* 

The  experimental  data  given  show  that  the  pathogenic  bacteria 
tested  and  different  kinds  of  virus  are  all  killed  by  a  temperature  of 
^jO"*  C.  or  below ;  some,  like  the  cholera  spirillum  and  Micrococcus 
pneumoniaB  crouposae,  failing  to  grow  after  exposure  to  as  low  a  tem- 
perature as  62°  C.  for  four  minutes.  By  extending  the  time  a  still 
lower  temperature  will  effect  the  same  result.  Thus,  according  to 
Chauveau,  the  anthrax  bacillus  is  killed  by  twenty  minutes'  exposing 
to  a  temperature  of  50°  C. ;  and  Brieger  sterilizes  cultures  of  the 
diphtheria  bacillus,  to  obtain  the  soluble  toxalbumin  produced  in 
them,  by  exposure  for  several  hours  to  50**  C.  A  temperature  of  60° 
has  been  found  to  decompose  the  toxalbumin.  The  non-pathogenic 
bacteria  tested  have,  as  a  rule,  a  higher  thermal  death-point — 58°  C. 
for  Bacillus  prodigiosus,  04°  C.  for  Sarcina  lutea,  etc. 

It  is  a  remarkable  fact  that  certain  bacteria  not  only  are  not  de- 
stroyed at  higher  temperatures  than  this,  but  are  able  to  multiply  at 
a  temperature  of  05°  to  70°  C.  Thus  Miquel,  in  1881,  found  in  the 
waters  of  the  Seine  a  motionless  bacillus  which  grew  luxuriantly  in 
bouillon  at  a  temperature  of  69®  to  70°  C.  Van  Tieghem  has  also 
cultivated  several  different  species  at  about  the  same  temperature, 
and  more  recently  Globig  has  obtained  from  the  soil  several  species 
which  grow  at  temperatures  ranging  from  50°  to  70°  C. 

The  resisting  power  of  spores  to  heat  also  varies  in  different  spe- 
cies ;  but  the  spores  of  known  pathogenic  bacteria  are  quickly  de- 
stroyed by  a  temperature  of  100°  C.  (212°  F. ).  In  the  writer's  experi- 
1  Report  of  the  Committee  on  Disinfectants  (op.  cit.)-  p.  147. 
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ments  the  spores  of  Bacillus  anthracis  and  of  Bacillus  alvei  failed  to 
grow  after  exposure  to  a  temperature  of  100^  C.  for  four  minutes, 
and  only  a  few  colonies  developed  after  two  minutes'  exposure  to  this 
temperature.  The  thermal  death-point  of  spores  of  the  **  wurtzel  ba- 
cillus **  and  of  Bacillus  butyricus  (of  Hueppe)  was  the  same — 100*^  C. 
for  four  minutes. 

Schill  and  Fischer,  in  1884,  made  a  number  of  experiments  to  de- 
termine the  thermal  death-point  of  Bacillus  tuberculosis.  They 
found  that  five  minutes'  exposure  to  a  temperature  of  100°  C.  in 
steam  destroyed  the  vitality  of  the  bacillus  in  sputum  in  five  min- 
utes. When  the  time  was  reduced  to  two  minutes  a  negative  result 
from  inoculation  was  obtained  in  two  g^nea-pigs,  but  one  inoculated 
at  the  same  time  became  tuberculous.  '  My  own  experiments  and 
those  of  Yersin,  made  since,  lead  me  to  think  that  there  may  have 
been  some  cause  of  error  in  this  experiment  of  Schill  and  Fischer, 
and  that  the  thermal  death-point  of  the  spores  of  Bacillus  tuber- 
culosis is  considerably  below  the  boiling  point  of  water.  I  inoculated 
guinea-pigs  with  tuberculous  sputum  subjected  for  ten  minutes  to 
the  following  temperatures :  50°,  60°,  70°,  80",  90°  C.  The  animal 
inoculated  with  material  exposed  to  50°  died  from  tuberculosis  at  the 
end  of  seven  weeks.     None  of  the  others  developed  tuberculosis. 

Yersin  exposed  an  old  culture  in  glycerin  bouillon,  in  which  many 
of  the  bacilh  contained  spores — **tres  nettes^' — to  the  following  tem- 
peratures :  bb\  60°,  65°,  70°,  75^,  80°,  85^,  90°,  100°  C.  "  At  the  end  of 
ten  days  the  bacilU  heated  to  55°  gave  a  culture  in  glycerin  bouillon ; 
those  exposed  to  60°  grew  after  twenty-two  days ;  none  of  the 
bacilli  heated  above  70°  gave  any  development.  This  experiment, 
repeated  a  great  number  of  times,  has  always  given  us  the  same  re- 
sult." Voelsh,  who  has  studied  the  same  question,  reports  as  the 
result  of  his  experiments  that  the  tubercle  bacillus  in  sputum  was 
not  destroyed  by  heating  to  100°  C.  Further  experiments  will  be  re- 
quired to  reconcile  these  contradictory  results. 

While  the  spores  of  the  pathogenic  bacteria  mentioned  are  de- 
stroyed by  the  boiling  point  of  water  within  a  few  minutes,  certain 
non-pathogenic  species  resist  this  temperature  for  hours.  Thus 
Qlobig  obtained  a  bacillus  from  the  soil  the  spores  of  which  required 
five  and  one-half  to  six  hours^  exposure  to  streaming  steam  for  their 
destruction.  These  spores  survived  exposure  for  three-quarters  of  an 
hour  in  steam  under  pressure  at  from  109°  to  113°  C.  They  were  de- 
stroyed, however,  by  exposure  for  twenty-five  minutes  in  steam  at 
113°  to  116°,  and  in  two  minutes  at  127°. 

In  the  practical  application  of  steam  for  disinfecting  purposes  it 
must  be  remembered  that,  while  steam  under  pressure  is  more  effec- 
tive than  streaming  steam,  it  is  scarcely  necessary  to  give  it  the  pre- 
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ference,  in  view  of  the  fact  that  all  known  pathogenic  bacteria  and 
their  spores  are  quickly  destroyed  by  the  temperature  of  boiling 
water  ;  and  also  that  superheated  steam  is  less  effective  than  moist 
steam.  When  confined  steam  in  pipes  is  **  superheated  "  it  has  about 
the  same  germicidal  power  as  hot  dry  air  at  the  same  temperature. 
This  is  shown  by  the  experiments  of  Esmarch,  who  found  that  an- 
thrax spores  were  killed  in  streaming  steam  in  four  minutes,  but 
were  not  killed  in  the  same  time  by  superheated  steam  at  a  tempera- 
ture of  141°  a 

Desiccation. — Cultures  of  bacteria  kept  in  a  moist  condition  re- 
tain their  vitality  for  a  considerable  time,  which  varies  greatly  with 
different  species.  The  writer  has  found  that  a  culture  of  the  typhoid 
bacillus  preserved  in  a  hermetically  sealed  glass  tube  retained  its 
vitality  for  eighteen  months,  as  did  also  Bacillus  prodigiosus,  Bacil- 
lus cavicida,  and  some  others.  According  to  Kitasato,  the  cholera 
spirillum  may  be  preserved  in  a  moist  state  for  seven  months  ;  other 
Wteria  die  out  in  a  month  or  two,  but,  as  a  rule,  vitality  is  preserved 
for  several  months  at  least. 

Spores  in  a  desiccated  condition  preserve  their  vitality  for  a 
great  length  of  time.  But  desiccation  is  quickly  fatal  to  some  of  the 
pathogenic  bacteria,  and  especially  so  to  the  cholera  spirillum.  Koch, 
in  his  earlier  experiments,  found  that  his  "  comma  bacillus''  did  not 
grow  after  being  dried  upon  a  cover  glass  for  three  hours.  Kitasato, 
in  experiments  made  since,  found  that  a  bouillon  culture  dried  upon 
a  thin  glass  cover  was  incapable  of  development  after  three  hours' 
time,  but  that  cultures  in  nutrient  agar  or  gelatin  survived  for  two 
daysy  probably  on  account  of  the  thicker  layer  formed  and  the  longer 
time  required  for  complete  desiccation.  Pfuhl  has  found  that  the 
typhoid  bacillus  dried  upon  a  cover  glass  retains  its  vitality  for 
eight  to  ten  weeks,  and  Loftier  states  that  the  diphtheria  bacillus  re- 
sists desiccation  for  four  or  five  months.  Cadeac  and  Malet  pro- 
duced tuberculosis  in  guinea-pigs  by  injecting  material  from  the 
lung  of  a  tuberculous  cow  which  had  been  kept  in  the  form  of  a  dried 
powder  for  nearly  five  months  ;  at  a  later  date  the  virulence  was 
lost 

Light. — Downes  and  Blunt,  in  a  communication  made  to  the 
Royal  Society  of  London  in  1877,  first  called  attention  to  the  fact  that 
light  has  an  injurious  effect  upon  bacteria,  and  that  cultures  may  be 
sterilized  by  exposure  to  direct  sunlight. 

Tyndall,  in  experiments  made  in  the  clear  stmlight  of  the  Alps, 
verified  the  fact  that  the  development  of  bacteria  was  restrained  in 
cultures  during  their  exposure,  but  failed  to  obtain  evidence  that 
vitality  was  destroyed. 

In  1885  Duclaux  took  up  the  subject  with  pure  cultures  of  various 
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bacteria,  and  showed  that  by  prolonged  exposure  to  direct  sunlight  the 
spores  of  various  bacilli  lose  their  capacity  to  germinate.  About  the 
same  time  Arloing  published  his  researches  upon  the  influence  of 
light  upon  the  development  of  anthrax  spores.  He  found  that  the 
anthrax  bacillus  was  not  restrained  in  its  g^wth  by  diffused  lamp- 
light, but  its  growth  was  retarded  by  an  intense  gaslight.  Spore 
formation  was  more  abundant  in  darkness  than  in  red  Ught,  and  more 
abundant  in  red  than  in  white  hght.  When  a  screen  was  interposed 
between  the  culture  and  the  source  of  light,  consisting  of  an  aqueous 
solution  of  hsBmatoglobin,  the  growth  of  the  bacilU  and  of  spores  was 
much  more  luxuriant  than  in  white  light.  In  yellow  light  it  was  less 
abundant  than  in  red.  The  blue  and  violet  rays  were  still  less  favor- 
able for  the  growth  of  the  bacillus  and  the  development  of  spores. 
The  pathogenic  power  of  cultures  was  not  especially  influenced  by 
exposure  to  white  gaslight.  In  subsequent  experiments  with  sun- 
light Arloing  found  that  two  hours  of  exposure  to  the  July  sun  suf- 
ficed to  destroy  the  vitality  of  anthrax  spores,  but  that  a  considerably 
longer  exposure  (twenty-six  to  thirty  hours)  was  necessary  when  the 
spores  had  been  allowed  to  germinate  in  a  suitable  culture  medium. 
Cultures  which  were  not  exposed  long  enough  to  destroy  the  vitalitj'- 
of  the  bacilli  were  retarded  in  their  growth,  and  subsequent  exposure 
for  a  shorter  time  (nine  to  ten  hours)  completely  sterilized  them. 
Cultures  which  were  weakened  in  their  reproductive  energy  by  ex- 
posure to  sunlight  were  also  **  attenuated  "  as  to  their  pathogenic 
power  and  could  be  used  as  a  vaccine  in  protective  inoculations.  Ac- 
cording to  Arloing,  the  effect  produced  results  from  the  action  of  the 
full  sunlight  and  cannot  be  obtained  by  the  use  of  monochromatic 
light. 

The  experiments  of  Strauss  seemed  to  give  support  to  the  view 
advanced  by  Nocard  that  in  Arloing  s  experiments  spores  did  not 
really  exhibit  a  less  degree  of  resisting  power  than  the  vegetating 
bacilli,  but  that  in  fact  they  commenced  to  vegetate  before  they  were 
killed.  Strauss  placed  anthrax  spores  in  steriUzed  distilled  water  and 
in  bouillon,  and  found  that,  under  the  same  conditions  of  exposure, 
the  bouillon  cultures  were  sterilized  in  direct  sunlight  in  nine 
hours,  while  the  spores  suspended  in  distilled  water  grew  when  trans- 
ferred to  a  suitable  medium.  This  was  accounted  for  on  the  suppo- 
sition that  the  bouillon  furnishes  the  necessary  pabulum  for  the  de- 
velopment of  the  spores  and  that  distilled  water  does  not. 

Arloing  combats  this  view  and  has  published  additional  experi- 
ments which  seem  to  disprove  it.  He  placed  small  flasks  containing 
anthrax  spores  in  bouillon  in  the  direct  rays  of  the  sun  in  February. 
Some  of  the  flasks  were  placed  upon  a  block  of  ice  which  reduced  the 
temperature  to  4°  C. ;  the  others  were  not  so  placed,  and  the  tempe- 
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Tature,  in  the  open  air  where  all  were  exposed,  was  11°  C.  All  of  the 
spores  failed  to  grow  after  an  exposure  of  four  hours.  When  exposed 
in  water  the  time  of  exposure  was  longer. 

Koux  has  8ho\vn  that  the  light  also  has  an  effect  upon  the  culture 
medium,  and  that  sterilized  bouillon  which  has  been  exposed  to  direct 
sunlight  for  some  hours  restrains  the  development  of  anthrax  spores 
subsequently  introduced  into  it,  but  not  of  the  growing  bacilli.  His 
experiments  show  that  access  of  oxygen  is  a  necessary  factor  in  the 
sterilization  of  cultures  by  sunlight. 

In  the  experiments  of  Moment  (1892)  dry  anthrax  spores  were 
found  to  resist  the  action  of  light  for  a  long  time,  but  moist  spores, 
freely  exposed  to  the  air,  failed  to  grow  after  forty-four  hours'  ex- 
posure to  sunlight.  In  th*  absence  of  spores,  anthrax  bacilli  in  a 
moist  condition,  when  freely  exposed  to  the  air,  failed  to  grow  after 
exposure  to  sunlight  for  half  an  hour  to  two  hours  ;  but  in  the  ab- 
sence of  air  the  same  bacilli  were  not  destroyed  at  the  end  of  fifty 
hours'  exposure. 

Buclaux,  in  1885,  experimented  upon  several  different  species  of 
micrococci  and  bacilli,  with  the  following  results:  Recent  cultures  of 
micrococci  in  bouillon,  which  preserved  their  vitality  for  more  than  a 
year  in  a  dark  place,  were  sterilized  in  July  by  exposure  in  the  sun 
for  fifteen  days,  and  two  species  even  within  two  or  three  days 
(micrococcus  of  biskra  and  micrococcus  of  pemphigus).  Bacilli 
showed  greater  resisting  power. 

Still  more  recently  Gaillard  has  conducted  a  series  of  experiments, 
under  the  direction  of  Arloing,  which  confirm  the  results  previously 
obtained  by  observers  heretofore  named  as  to  the  germicidal  power  of 
sunlight  in  the  presence  of  oxygen. 

Geisler  (1892),  in  experiments  made  upon  the  typhoid  bacillus, 
found  that  all  portions  of  the  solar  spectrum  except  the  red  rays  ex- 
ercised a  restraining  infiuence  upon  the  development  of  this  bacillus. 
The  electric  light  gave  a  similar  result.  The  most  decided  effect  was 
produced  by  rays  from  the  violet  end  of  the  spectrum.  The  restrain- 
ing influence  appears,  from  the  researches  of  Geisler,  not  to  be  due 
solely  to  the  direct  action  of  light  upon  the  development  of  the 
bacilli,  but  also  to  changes  induced  in  the  gelatin  culture  medium 
employed  in  his  experiments. 

In  his  address  before  the  International  Medical  Congress  of  Berlin, 
1890,  Koch  states  that  the  tubercle  bacillus  is  killed  by  the  action  of 
direct  sunlight  in  a  time  varying  from  a  few  minutes  to  several  hours, 
depending  upon  the  thickness  of  the  layer  exposed.  Diffused  day- 
light also  has  the  same  effect,  although  a  considerably  longer  time  of 
exposure  is  required — when  placed  close  to  a  window,  from  five  to 
seven  days. 
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In  view  of  these  facts  we  may  conclude,  with  Duclaux,  that  sun- 
light is  one  of  the  most  potent  and  one  of  the  cheapest  agents  for  the 
destruction  of  pathogenic  bacteria,  and  that  its  use  for  this  purpose  is 
to  be  remembered  in  making  practical  hygienic  recommendations. 
The  popular  idea  that  the  exposure  of  infected  articles  of  clothing 
and  bedding  in  the  sun  is  a  useful  sanitary  precaution  is  fully  sus- 
tained by  the  experimental  data  relating  to  the  action  of  heat,  desic- 
cation, and  sunlight. 

Electricity. — Cohn  and  Mendelssohn,  in  1879,  attempted  to  de- 
termine the  effect  of  the  galvanic  current  upon  bacteria.  Culture* 
were  placed  in  U -tubes  through  which  a  constant  current  was  passed. 
A  feeble  current  was  found  to  be  without  effect.  A  strong  current 
from  two  elements,  maintained  for  twenty-four  hours,  restrained  de- 
velopment in  the  vicinitj-  of  the  positive  pole,  but  this  was  probably 
due  to  the  highly  acid  reaction  which  the  culture  liquid  acquired. 
When  a  current  from  five  elements  was  used  for  twenty-four  hours 
the  liquid  was  sterilized,  but  this  may  have  been  due  to  the  decided 
changes  produced  in  the  chemical  composition  of  the  culture  liquid 
rather  than  to  the  direct  action  of  the  ^vanic  current. 

The  same  may  be  said  of  the  similar  restdts  obtained  in  later  ex- 
periments by  Apostoli  and  Laquerriere,  and  by  Prochownick  and 
Spaeth.  The  last-mentioned  investigators  found  that  the  positive  pole 
had  a  more  decided  effect  than  the  negative,  and  that  the  effect  de- 
pended upon  the  intensity  and  duration  of  the  current.  A  current  of 
fifty  milliamperes  passed  for  a  quarter  of  an  hour  did  not  kill  Staphy- 
lococcus pyogenes  aureus,  but  a  current  of  sixty  milliamperes  main- 
tained for  the  same  time  did.  The  spores  of  Bacillus  anthracis 
required  a  current  of  two  hundred  to  two  hundred  and  thirty  milli- 
amperes during  an  hour  or  two.  In  these  experiments  the  cultures 
in  gelatin  were  attached  to  the  strips  of  platinum  serving  as  the  two 
poles,  and  these  were  immersed  in  a  solution  of  sodium  chloride.  As 
chlorine  was  disengaged  at  the  positive  pole,  the  germicidal  action  is 
attributed  to  this  gas  rather  than  to  the  direct  action  of  the  current 
upon  the  living  microorganisms. 

The  more  recent  researches  of  Spilker  and  Gottstein,  made  with 
an  induction  current  from  a  dynamo  machine,  are  more  valuable  in 
estimating  the  power  of  this  agent  to  destroy  the  vitality  of  bacteria. 
The  current  was  passed  through  a  spiral  wire  which  was  wrapped 
around  a  test  tube  of  glass,  containing  the  microorganism  to  be  tested, 
suspended  in  distilled  water.  In  a  first  experiment  Bacillus  prodigi- 
osus,  suspended  in  sterilized  distilled  water  and  contained  in  test 
tubes  having  a  capacity  of  two  hundred  and  fifty  cubic  centimetres, 
was  subjected  to  a  current  having  an  energy  of  2.5  amperes  X  1.25 
volts  for  twenty-four  hours.      The  temperature  did  not  go   above 
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30**  C.  No  development  occurred  when  the  microorganism  tested 
was  subsequently  planted  in  nutrient  gelatin.  Further  experiments 
gave  a  similar  result.  It  was  fotmd  that  stronger  currents  were 
effective  in  shorter  time ;  but  in  no  case  was  sterilization  effected  in 
less  than  an  hour. 
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VII. 
ANTISEPTICS  AND  DISINFECTANTS. 

GENERAL  ACCOUNT  OF  THE  ACTION  OF. 

The  term  antiseptic  is  used  by  some  authors  to  designate  an 
agent  which  destroys  the  vitality  of  the  microorganisms  which  pro- 
duce septic  decomposition,  and  others  of  the  same  class.  We  prefer 
to  restrict  the  use  of  the  term  to  those  agents  which  restrain  the  de- 
velopment of  such  microorganisms  without  destroying  their  vitality. 
The  complete  destruction  of  vitality  is  effected  by  germicides  or  dis- 
infectants. Material  containing  the  germs  of  infectious  diseases  is 
infectious  material,  and  we  disinfect  it  by  tlie  use  of  agents  which 
destroy  the  li^-ing  disease  germs  or  pathogenic  bacteria  which  give 
it  its  infecting  power.  Such  an  agent  is  a  disinfectant.  But  we  ex- 
tend the  use  of  this  term  to  germicides  in  general — ^that  is,  to  those 
agents  which  kill  non-pathogenic  bacteria  as  well  as  to  those  which 
destroy  disease  germs.  All  disinfectants  are  also  antiseptics,  for 
agents  which  destroy  the  vitality  of  the  bacteria  of  putrefaction  ar- 
rest the  putrefactive  process  ;  and  these  agents,  in  less  amount  than 
is  required  to  completely  destroy  vitality,  arrest  growth  and  thus 
act  as  antiseptics.  But  all  antiseptics  are  not  germicides.  Thus  a 
concentrated  solution  of  salt  or  of  sugar  will  prevent  the  putrefac- 
tive decomposition  of  organic  material,  animal  or  vegetable  ;  but  these 
agents  do  not  destroy  the  vitality  of  the  germs  of  putrefaction.  In 
a  certain  degree  of  concentration  they  are  antiseptics  and  are  .largely 
used  for  the  preservation  of  meats  and  vegetables.  In  the  same  way 
many  mineral  salts  in  solutions  of  various  strengths  act  as  antisep- 
tics, and  some  of  these  in  still  stronger  solutions  are  disinfectants. 
Thus  mercuric  chloride,  when  introduced  into  a  culture  solution  in 
the  proportion  of  1  :  300,000,  will  restrain  the  development  of  anthrax 
spores,  but  to  insure  the  destruction  of  these  spores  a  solution  of 
1  : 1,000  must  be  used.  As  a  rule,  the  difference  between  restraining 
action — antiseptic — and  germicidal  power — disinfectant — is  not  so 
great  as  this.  We  give  below  some  recent  determinations  by  Boer 
which  illustrate  this  point,  the  test  organism  being  the  bacillus  of 
typhoid  fever  in  a  culture  in  bouillon  twenty-four  hoxirs  old  : 
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Hydrochloric  acid. 

Sulphuric  acid 

Silver  nitrate 

Sodium  arseniate.., 
Carbolic  acid 


BeBtrains. 


Kills. 


1  .2100 

1:300 

1  : 1550 

1:500 

1:50000 

1:4000 

1:6000 

1:250 

1:400 

1:200 

Method  of  Determining  Antiseptic  Value, — To  determine  the 
restraining  or  antiseptic  power  of  an  agent  for  a  particular  micro- 
organism, the  agent  is  dissolved  in  a  definite  proportion  in  a  suitable 
culture  medium,  which  is  then  inoculated  with  a  pure  culture  of  the 
test  oi^anism  and  placed  in  favorable  circumstances — ^as  to  tempera- 
ture— for  its  growth.     At  the  same  time  a  control  experiment  is 
made  by  placing  another  portion  of  the  same  culture  medium,  inocu- 
lated with  the  same  microorganism,  in  the  same  conditions,  but  with- 
out the  addition  of  the  antiseptic  agent.     If  development  occurs  in 
the  control  experiment  and  not  in  the  culture  medium  containing 
the  antiseptic,  the  failure  to  grow  must  be  attributed  to  the  presence 
of  this  agent.      Having   made  a  preliminary  experiment,  we   are 
gniided  by  the  result  in  further  experiments  to  determine  the  exact 
amount  required  to  restrain  development  under  the  same  conditions. 
Or  we  may  make  a  series  of  experiments  in  the  first  instance.     The 
problem  being,  for  example,  to  determine  the  antiseptic  value  of 
carbolic  acid  for  the  typhoid  bacillus,  we  may  add  this  agent  to  a 
definite  amount  of  bouillon  in  test  tubes  in  the  proportion  of  1  :  100, 
1  :  200,  1  :  300,  1  :  400,  1  :  500.      In  experiments  with  volatile  agents 
the  bouillon,  in  test  tubes  or  small  flasks,  must  be  sterilized  in  ad- 
vance, and  the  antiseptic  agent  introduced  by  means  of  a  sterilized 
pipette  with  great  care  to  prevent  the  accidental  contamination  of 
the  nutrient  mediiun.    In  experiments  with  non- volatile  agents  it  will 
be  best  to  sterilize  the  culture  medium  after  the  antiseptic  has  been 
added.     Next  we  inoculate  the  liquid  in  each  flask  with  a  pure  cul- 
ture of  the  test  organism.     The  flasks  are  then  placed  in  an  incubat- 
ing oven  at  35°  to  37°  C.     At  the  same  time  a  control,  not  containing 
any  carboUc  acid,  is  placed  in  the  oven.     At  the  end  of  twenty-four 
hours  the  control  will  be  found  to  be  clouded,  showing  an  abundant 
multiplication  of  the  bacillus.    Taking  the  result  of  Boer  above  given, 
we  would  expect  to  find  all  of  the  solutions  clear  except  that  contain- 
ing 1  :  500.     This  too  might  remain  clear  for  some  days  and  finally 
'*  break  down,''  for  experience  shows  that  when  we  pass  the  point  at 
which  a  permanent  restraining  influence  is  exerted  there  may  be  a 
temporary  restraint  or  retardation  of  development.     For  this  reason 
we  must  continue  the  experiment  for  a  considerable  time — not  less 
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than  two  weeks.  Having  found  that  1  :  400  and  below  prevents 
development,  and  1  :  500  does  not,  we  may  make  further  experiments 
to  determine  the  antiseptic  power  within  narrower  limits ;  but  this 
is  hardly  necessary  from  a  practical  point  of  view. 

In  these  experiments  the  result  will  be  influenced  by  several  cir- 
cumstances, as  follows  : 

(a)  By  the  composition  of  the  nutrient  medium.  This  is  a 
very  important  factor,  especially  in  determining  the  antiseptic  value 
of  certain  metallic  salts.  The  presence  of  a  considerable  quantity 
of  albumin,  for  example,  reduces  greatly  the  antiseptic  power  of 
mercuric  chloride,  silver  nitrate,  creolin,  etc.  The  presence  of  a  sub- 
stance chemically  incompatible,  as,  for  example,  sodium  chloride  in 
testing  nitrate  of  silver,  will  of  course  neutralize  antiseptic  action. 

{h)  The  nature  of  the  test  organism.  Within  certain  limits  an 
antiseptic  for  one  microorganism  of  this  class  restrains  the  devel- 
opment of  all,  but  there  are  wide  differences  in  the  ability  of  differ- 
ent species  to  grow  in  the  presence  of  different  chemical  agents. 
Some  grow  readily  in  the  presence  of  a  considerable  amount  of  free 
acid,  others  are  restrained  by  a  slightly  acid  reaction  of  the  medium 
in  which  they  are  placed.  The  Bacillus  acidi  lactici,  for  example, 
can  thrive  in  the  presence  of  a  considerable  amount  of  the  acid 
which  is  a  product  of  its  growth,  but  there  is  a  limit  to  its  power  of 
developing  in  the  presence  of  this  and  other  acids.  So,  too,  Mi- 
crococcus ureaB,  "which  causes  the  alkaline  fermentation  of  urine, 
grows  in  the  presence  of  a  considerable  amount  of  carbonate  of  am- 
monia, but  is  filially  restrained  in  its  growth  by  this  alkaline  salt. 
The  following  determinations  by  Boer  show  the  difference  in  the 
antiseptic  power  of  hydrochloric  acid  for  certain  pathogenic  bacte- 
ria :  Bacillus  of  anthrax  (without  spores),  1  : 3,400  ;  diphtheria  bacil- 
lus, 1 : 3,400  ;  glanders  bacillus,  1 :700  ;  typhoid  bacillus,  1  :2,100  ; 
cholera  spirillum,  1 : 5,500.  It  will  be  noted  that  the  cholera  spiril- 
lum is  restrained  in  its  growth  by  about  one-eighth  the  amount  of 
hydrochloric  acid  which  is  required  to  prevent  the  development  of 
the  bacillus  of  glanders.  The  typhoid  bacillus  has  a  special  tole- 
rance for  carbolic  acid,  etc. 

(c)  The  temperature  at  which  the  experiment  is  made.  At 
the  temperature  most  favorable  for  growth  a  greater  proportion  of 
the  antiseptic  agent  is  required  than  at  unfavorable  temperatures — 
lower  or  higher. 

(d)  The  restraining  influence  for  spores  is  much  greater  than 
for  the  vegetative  form  of  bacteria. 

Methods  of  Deter^mining  Germicide  Value, — The  disinfecting 
power  of  a  chemical  agent  is  determined  by  allowing  it  to  act  for  a 
given  time,  in  a  definite  proportion,  on  a  pure  culture  of  a  given 
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microorganism,  and  then  testing  the  question  of  loss  of  vitality  by 
culture  experiments  or  by  inoculations  of  infectious  disease  germs 
into  susceptible  animals. 

The  test  by  cultivation  is  the  most  reliable,  but  in  making  it 
several  points  must  be  kept  in  view.  Naturally  the  conditions  must 
be  such  as  are  favorable  for  the  growth  of  the  particular  microor- 
ganism which  serves  as  the  test ;  and  we  must  allow  a  considerable 
time  for  the  development  of  the  test  organism,  for  it  often  happens 
that  its  vital  activity  has  been  weakened  without  being  completely 
destroyed,  and  that  gro^vth  will  occur  after  an  interval  of  several 
days,  while  in  the  control  experiment  it  has  perhaps  been  seen  at 
the  end  of  twenty-four  hours.  Another  most  important  point  is  the 
fact  that  some  of  the  disinfecting  agent  is  necessarily  carried  over 
with  the  test  organisms  when  these  are  transferred  to  a  nutrient 
medium  to  ascertain  whether  they  will  grow,  and  this  may  be  in 
sufficient  amount  to  restrain  their  development  and  lead  to  the  mis- 
taken inference  that  they  have  been  killed.  This  is  especially  true 
of  mercuric  cliloride,  which  restrains  the  development  of  spores  in 
very  minute  amounts.  Spores  which  have  been  subjected  to  Its  ac- 
tion in  comparatively  strong  solutions,  when  transferred  to  a  culture 
medium  may  fail  to  grow  because  of  the  restraining  influence  of 
the  mercuric  chloride  carried  over  at  the  same  time.  For  this  rea- 
son liquid  cultures  are  to  be  preferred  in  experiments  of  this  kind. 
When  the  test  organisms  are  planted  in  a  solid  culture  medium  the 
chemical  agent  is  left  associated  Mrith  them  ;  in  a  liquid  culture,  on 
the  other  hand,  it  is  diluted,  and  the  microorganisms,  being  distri- 
buted through  the  nutrient  medium,  have  the  disinfecting  agent 
washed  from  their  surface.  In  the  case  of  mercuric  chloride,  how- 
ever, the  experiments  of  Geppert  show  that  the  agent  is  so  attached 
to  spores  which  have  been  subjected  to  its  action  that  ordinary 
washing  does  not  suffice.  Moreover,  spores  which  have  been  ex- 
posed to  the  action  of  mercuric  chloride  without  being  killed  are  re- 
strained in  their  growth  by  a  much  smaller  proportion  of  the  corro- 
sive sublimate  than  is  required  for  spores  not  so  exposed — ^according 
to  Gteppert,  by  1  part  in  2,000,000.  Geppert  therefore  proposes,  in 
experiments  with  this  agent,  to  neutralize  the  mercuric  chloride 
which  remains  attached  to  the  test  organisms  by  washing  these  in 
a  solution  of  ammonium  sulphide,  by  which  the  sublimate  is  preci- 
pitated as  an  inert  sulphide. 

With  most  agents  simple  dilution  will  serve  the  purpose  of  pre- 
venting an  erroneous  inference  from  the  restraining  influence  of  the 
chemical  agent  being  tested.  If  we  carry,  by  means  9f  a  platinum 
loop,  one  or  two  ose  into  five  to  ten  cubic  centimetres  of  bouillon, 
the  dilution  will  usually  be  beyond  the  restraining  influence  of  the 
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germicidal  agent ;  but  we  may  carrj"  the  dilution  still  further,  to  be 
on  the  side  of  safety,  by  inoculating  a  second  tube  containing  the 
same  amount  of  sterile  bouillon  from  the  first,  carrying  over  in  the 
same  way  one  or  two  ose.  We  will  still  be  very  sure  to  have  a 
considerable  number  of  the  microorganisms  to  test  the  question  of 
the  destruction  of  vitality.  Instead  of  bouillon  we  may  use  liquefied 
flesh-peptone-gelatin,  which  gives  us  the  same  advantage  as  to  dilu- 
tion of  the  disinfecting  agent ;  and  after  inoculating  two  tubes  as 
above  indicated,  we  may  make  Esmarch  roll  tubes  by  turning  them 
upon  a  block  of  ice.  The  development  of  colonies  will  show  that 
there  was  a  failure  to  disinfect ;  their  absence,  after  a  proper  inter- 
val, will  be  evidence  of  the  germicidal  action  of  the  agent  employed. 

Koch's  Method. — In  1881  Koch  published  his  extended  experi- 
ments made  to  determine  the  germicidal  power  of  various  chemical 
agents  as  tested  upon  anthrax  spores.  His  method  consisted  in  ex- 
posing silk  threads,  to  which  the  dried  spores  were  attached,  in  a 
solution  of  the  disinfecting  agent,  and  at  intervals  transferring  one 
of  these  threads  to  a  solid  culture  medium.  The  precaution  was 
taken  to  wash  the  thread  in  distilled  water  when  the  agent  tested  was 
supposed  to  be  likely  to  restrain  development.  In  these  experiments 
a  standard  solution  of  the  disinfecting  agent  was  used,  and  the  time 
of  exposure  was  varied  from  a  few  hours  to  many  days. 

The  Writer's  Method. — In  the  writer's  experiments,  made  in 
1880  and  subsequently,  a  different  method  has  been  adopted.  The 
time  has  been  constant — usually  two  hours — and  the  object  has  been 
to  find  the  minimum  amount  of  various  chemical  agents  which 
would  destroy  the  test  organisms  in  this  time ;  and  instead  of  sub- 
jecting a  few  of  the  test  organisms  attached  to  a  silk  thread  to  the 
action  of  the  disinfecting  agent,  a  certain  quantity  of  a  recent  cul- 
ture— usually  five  cubic  centimetres — has  been  mixed  with  an  equal 
quantity  of  a  standard  solution  of  the  germicidal  agent.  Thus  five 
cubic  centimetres  of  a  1  :  200  solution  of  carbolic  acid  would  be 
added  to  five  cubic  centimetres  of  a  recent  culture  of  the  typhoid 
bacillus,  for  example,  and  after  two  hours^  contact  one  or  two  ose 
would  be  introduced  into  a  suitable  nutrient  mediiun  to  test  the 
question  of  disinfection.  In  the  case  given  the  result  obtained 
would  be  set  down  as  the  action  of  a  solution  of  carbolic  acid  in  the 
proportion  of  1 :  400,  for  the  1  :  200  solution  was  diluted  by  the  addi- 
tion of  an  equal  quantity  of  the  culture. 

Other  experimenters  have  adopted  still  a  different  method.  In- 
stead of  using  a  considerable  and  definite  quantity  of  a  culture  con- 
taining the  test  organism,  they  introduce  one  or  two  ose  from  such 
a  culture  into  a  solution  containing  a  given  proportion  of  the  disin- 
fectant ;  then  after  exposure  for  a  given  time  the  nutrient  medium  is 
inoculated. 
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These  different  methods  give  results  which  cannot  be  directly 
compared  one  with  another,  for  to  obtain  corresponding  results  we 
must  have  identical  conditions. 

Test  by  Inoculation  into  Susceptible  Animals. — In  testing  the 
action  of  disinfectants  upon  anthrax  spores  and  other  infectious  dis- 
ease germs,  we  may  inoculate  the  microorganisms,  after  exposure  to 
the  disinfectant,  into  a  susceptible  animal.  This  method  was  adopted 
by  the  writer  in  a  series  of  experiments  in  1881,  but  he  has  not  since 
employed  it,  for  reasons  set  forth  in  his  paper  giving  an  account  of 
these  experiments. 

"  First.  The  test  organism  may  be  modified  as  regards  repro- 
ductive activity  without  being  killed;  and  in  this  case  a  modified  form 
of  disease  may  result  from  the  inoculation,  of  so  mild  a  character  as 
to  escape  observation.  Second,  An  animal  which  has  suffered  this 
modified  form  of  the  disease  enjoys  protection,  more  or  less  perfect, 
from  future  attacks,  and  if  used  for  a  subsequent  experiment  may, 
by  its  immunity  from  the  effects  of  the  pathogenic  test  organism, 
give  rise  to  the  mistaken  assumption  that  this  had  been  destroyed 
by  the  action  of  the  germicidal  agent  to  which  it  had  been  sub- 
jected."^ 

In  experiments  to  determine  the  value  of  an  agent  as  a  disinfec- 
tant, no  matter  by  what  method,  the  following  conditions,  which  in- 
fluence the  result,  should  be  kept  in  view  : 

(a)  The  difference  in  vital  resisting  power  of  different  species 
of  bacteria.  As  a  rule,  the  pathogenic  species  have  rather  less  re- 
sisting power  than  the  common  saprophytes,  and  the  micrococci 
have  greater  resisting  power  than  many  of  the  bacilli.  The  differ- 
ence in  the  vital  resisting  power  of  some  of  the  best  known  patho- 
genic species  is  shown  in  the  following  table,  which  we  have  made 
up  from  determinations  made  by  Boer — cultures  in  bouillon  twenty- 
four  hours  old ;  time  of  exposure,  two  hours. 


Anthrax  bacillus. . . 
Diphtheria  bacillus. 
Glanders  bacillus  . 
Tvphoid  bacillus  . . 
Cholera  spirillum . . 


Hydrochloric 
Add. 

Caustic 
Soda. 

Chloride  of 
Gtold  and 
Sodium. 

Nitrate 

of 
Silver. 

1:1100 
1  :  700 
1.200 
1:800 
1:1850 

1  -.450 
1:800 
1:150 
1:190 
1:150 

8000 
.1000 
400 
500 
1000 

1  : 20000 
1  :2500 
1:4000 
1:4000 
1  :4000 

Carbolic 
Acid. 


1:300 
1:300 
1:300 
1:200 
1:400 


(b)  The  presence  or  absence  of  spores.  The  reproductive  ele- 
ments known  as  spores  have  a  far  greater  resisting  power  to  chemi- 
cal agents,  as  well  as  to  heat,  than  have  the  vegetative  cells.     In 

*  Quoted  from  article  on  "Germicides  and  Disinfectants/*  in  "  Bacteria/*  p.  212. 
11 
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practical  disinfection,  therefore,  it  is  important  to  know  what  disease 
germs  form  spores  and  what  do  not.  The  following  are  known  to 
form  spores  :  The  bacillus  of  anthrax,  the  bacillus  of  tetanus,  the 
bacillus  of  malignant  oedema,  the  bacillus  of  symptomatic  anthrax, 
the  bacillus  of  foul  brood  (infectious  disease  of  bees).  The  following, 
so  far  as  is  known,  do  not  form  spores :  The  pus  cocci  (Staphylo- 
coccus pyogenes  albus,  aureus,  and  citreus,  and  Streptococcus  p3'o- 
genes),  the  micrococcus  of  pneumonia,  the  bacillus  of  typhoid  fever, 
the  bacillus  of  glanders,  the  bacillus  of  diphtheria,  the  spirillum  of 
cholera,  the  spirillum  of  relapsing  fever. 

Many  agents  which  kill  the  growing  bacteria  are  incapable  of 
destroying  the  vitality  of  spores,  and  others  only  do  so  in  much 
stronger  solutions  or  after  a  long  exposure  to  their  action. 

(c)  The  number  of  bacteria  to  be  destroyed.  This  is  an  essen- 
tial factor  which  has  often  been  overlooked  by  those  making  experi- 
ments. To  destroy  the  bacteria  carried  over  to  five  cubic  centimetres 
of  distilled  water  by  means  of  a  platinum  loop,  is  a  very  different 
matter  from  destroying  the  immensely  greater  number  in  five  cubic 
centimetres  of  a  recent  bouillon  culture. 

(d)  The  nature  and  quantity  of  associated  material.  The 
oxidizing  disinfectants,  like  permanganate  of  potash  and  chloride  of 
lime,  not  only  act  upon  the  bacteria,  destroying  them  by  oxidation, 
but  upon  all  organic  matter  with  which  they  come  in  contact,  and  at 
the  same  time  the  disinfecting  agent  is  destroyed  in  the  chemical 
reaction,  which  is  a  quantitative  one.  The  presence,  therefore,  of 
organic  material  in  association  with  the  bacteria  is  an  important 
factor,  and  if  this  is  in  excess  the  disinfectant  may  be  neutralized 
before  the  living  bacteria  are  destroyed.  Other  substances  which 
precipitate  the  disinfecting  agent  in  an  msoluble  form,  or  decompose 
it,  must  of  course  have  the  same  effect.  Thus  the  presence  of  sodium 
chloride  in  a  culture  medium  would  be  an  important  circumstance  if 
nitrate  of  silver  was  the  agent  being  tested,  as  the  insoluble  chloride 
would  be  precipitated.  And  in  the  case  of  mercuric  chloride  and 
certain  other  metallic  salts  the  presence  of  albumin  very  materially 
influences  the  result.  Van  Ermengem  states  that  the  cholera  spiril- 
lum in  bouillon  is  destroyed  in  half  an  hour  by  mercuric  chloride  in 
the  proportion  of  1: 00,000,  while  in  blood  serum  1: 800  was  required 
to  destroy  it  in  the  same  time. 

{e)  The  time  of  exposure  is  also  an  important  factor.  Some 
agents  act  verj-  promptly,  while  others  require  a  considerable  time  to 
effect  the  destruction  of  bacteria  exposed  to  their  action.  Thus  a 
solution  of  chloride  of  lime  containing  0.12  per  cent  destroys  the 
typhoid  bacillus  and  the  cholera  spirillum  in  five  minutes,  and 
the  anthrax  bacillus  in  one  minute  (Nissen).     On  the  other  hand, 
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quicklime  (milk  of  lime)  requires  a  contact  of  several  hours  to  in- 
sure the  destruction  of  pathogenic  bacteria. 

(/)  The  temperature  at  tvhich  the  exposure  is  made  has  a 
material  influence  upon  the  result.  This  is  shown  by  the  experi- 
ments of  Henle  and  of  Nocht. 

(g)  The  degree  of  dilution  of  the  disinfecting  agent  is  also  a 
matter  of  importance.  This  is  especially  true  of  solutions  of  acids 
and  alkalies.  When  a  silk  thread  to  which  bacteria  are  attached  is 
suspended  in  an  acid  solution  the  essential  point  is  the  degree  of 
acidity,  and  not  the  quantity  of  acid  in  the  entire  solution.  But  if  a 
solution  of  permanganate  of  potash,  or  any  other  active  oxidizing 
agent,  is  used,  the  principal  question  is  not  the  degree  of  dilution,  but 
the  amount  of  the  disinfecting  agent  present  in  the  solution  used.  A 
grain  of  potassium  permanganate  dissolved  in  two  fluidounces  of 
distilled  water  would  probably  kill  just  as  many  bacteria  as  if  it 
were  dissolved  in  half  a  fluidounce,  although  the  time  required  for 
disinfection  might  be  longer. 

From  what  has  been  said  it  is  evident  that  the  simple  statement 
that  a  certain  agent  is  a  germicide  in  a  certain  proportion  has  but 
little  scientific  value,  unless  we  are  made  acquainted  with  the  condi- 
tions under  which  its  germicidal  action  has  been  tested. 
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ACTION  OF  GASES  AND  OF  THE  HALOID  ELEMENTS 
UPON  BACTERIA. 

Oxygen. — Free  oxygen  is  essential  for  the  development  of  a  large 
number  of  species  of  bacteria — aerobics  ;  and  it  completely  prevents 
the  growth  of  others — anaerobics.  Many  bacteria,  even  when  freely 
exposed  in  a  desiccated  condition  to  the  action  of  atmospheric  oxygen, 
retain  their  vitaUty  for  a  long  time.  The  gradual  loss  of  pathogenic 
power  which  Pasteur  has  shown  occurs  in  cultures  of  the  anthrax 
bacillus  and  the  micrococcus  of  fowl  cholera,  is  ascribed  by  him  to 
exposure  to  oxygen,  and  as  proof  of  this  he  states  that  cultures  kept 
in  hermetically  sealed  tubes  do  not  lose  their  virulence  in  the  same 
degree.  But  other  circiunstances  may  influence  the  result.  Thus 
some  of  the  products  of  growth  which  accumulate  in  culture  fluids 
have  an  injurious  effect  upon  the  vitaUty  of  the  bacteria  which  pro- 
duced them,  and  in  time  may  cause  a  complete  destruction  of  vitality. 
In  cultures  exposed  to  the  air  these  products  would  be  in  a  more 
concentrated  solution  from  the  gradual  evaporation  of  the  culture 
liquid.  It  must  also  be  remembered  that  light  in  the  presence  of 
oxygen  is  a  germicidal  agent. 

The  experiments  of  Frankel  show  that  the  aerobic  bacteria  grow 
abundantly  in  the  presence  of  pure  oxygen,  and  some  species  even 
more  so  than  in  ordinary  air.  Micrococcus  prodigiosus,  however, 
appeared  to  be  unfavorably  affected  by  pure  oxygen,  inasmuch  as  it 
did  not  produce  pigment  so  readily  as  when  cultivated  in  ordinary  air. 

Nascent  oxygen  is  a  very  potent  germicidal  agent,  as  will  be  seen 
in  our  account  of  such  oxidizing  disinfectants  as  potassium  perman- 
ganate and  the  hypochlorite  of  lime. 

Ozone, — It  was  formerly  supposed  that  ozone  would  prove  to  be 
a  most  valuable  agent  for  disinfecting  purposes  ;  but  recent  experi- 
ments show  that  it  is  not  so  active  a  germicide  as  was  anticipated, 
and  that  from  a  practical  point  of  view  it  has  comparatively  little 
value. 

Lukaschewitsch  found  that  one  gramme  in  the  space  of  a  cubic 
metre  failed  to  kill  anthrax  spores  in  twenty-four  hours.  The  cholera 
spirillum  in  a  moist  state  was  killed  in  this  time  by  the  same  amount, 
but  fifteen  hours'  exposure  failed  to  destroy  it.  Ozone  for  these  ex- 
periments was  developed  by  means  of  electricity. 
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Wyssokowicz  found  that  the  presence  of  ozone  in  a  culture  me- 
dium restrained  the  development  of  the  anthrax  bacillus,  the  bacillus 
of  typhoid  fever,  and  others  tested,  but  concludes  that  this  is  rather 
due  to  the  oxidation  of  bases  contained  in  the  nutrient  medium  than 
to  a  direct  action  upon  the  pathogenic  bacteria. 

Sonnt^,  in  his  carefully  conducted  experiments,  in  which  a  cur- 
rent of  ozonized  air  was  made  to  pass  over  silk  threads  to  which  were 
attached  anthrax  spores,  had  an  entirely  negative  result.  The  an- 
thrax bacillus  from  the  spleen  of  a  mouse,  and  free  from  spores,  was 
then  tested,  also  with  a  negative  result,  even  after  exposure  to  the 
ozonized  air  for  twenty  minutes  at  a  time  on  four  successive  days.  In 
another  experiment  several  test  organisms  (Bacillus  anthracis,  Bacil- 
lus pneumionisB  of  Friedlander,  Staphylococcus  pyogenes  aureus, 
Staphylococcus  pyogenes  albus,  Bacillus  murisepticus,  Bacillus 
erassus  sputigenus)  were  exposed  on  silk  threads  for  twenty-four 
hours  in  an  atmosphere  containing  4. 1  milligrammes  of  ozone  to  the 
litre  of  air  (0. 19  volumes  per  cent).  The  result  was  entirely  negative. 
When  the  amount  was  increased  to  13.53  milligrammes  per  litre  the 
anthrax  bacillus  and  Staphylococcus  pyogenes  albus  failed  to  grow 
after  twenty-four  hours'  exposure.  The  conclusion  reached  by  Nis- 
sen,  from  his  own  experiments  and  a  careful  consideration  of  those 
previously  made  by  others,  is  that  ozone  is  of  no  practical  value  as  a 
germicide  in  therapeutics  or  disinfection. 

Hydrogen, — This  gas  has  no  injurious  effect  upon  bacteria,  as  is 
shown  by  the  fact  that  the  anaerobic  and  facultative  anaerobic  species 
grow  readily  in  an  atmosphere  of  pure  hydrogen. 

Hydrogen  peroxide  in  solution  in  water  is  a  valuable  antiseptic 
and  deodorant,  but  its  value  as  a  germicide  has  been  very  much 
overestimated.  Miquel,  in  his  experiments  to  determine  the  anti- 
septic value  of  various  agents,  places  H,0,  third  in  the  Ust  of  "  sub- 
stances eminently  antiseptic,"  and  states  that  it  prevents  the  develop- 
ment of  the  bacteria  of  putrefaction  in  the  proportion  of  1: 20,000. 

In  the  writer's  experiments  (1885)  a  solution  was  used  which 
contained  at  firet  4.8  per  cent  of  H,0„  and  five  per  cent  of  sulphuric 
acid  which  was  added  by  the  chemist  who  prepared  the  solution,  to 
prevent  loss  of  the  hydrogen  peroxide.  At  the  end  of  a  month  the 
amount  of  H,0,  was  again  estimated,  and  found  to  be  3.98  per  cent. 
Five  weeks  later  the  proportion  was  2.4  per  cent.  Tested  upon 
"broken-down"  beef  tea,  this  solution  was  found  to  destroy  the 
vitaUty  of  the  bacteria  of  putrefaction  contained  in  it,  in  two  hours' 
time,  in  the  proportion  of  thirty  per  cent  (about  1.2  per  cent  of  H,0,). 
Anthrax  spores  were  killed  in  the  same  time  by  a  twenty-per-cent 
solution  (0.8  per  cent  H,0,).  Tested  upon  a  pure  culture  of  pus 
oocci,  it  was  active  in  the  proportion  of  ten  per  cent  (0.4  per  cent  of 
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H,OJ;  a  solution  containing  0.24  per  cent  of  H^Oa  failed  to  kill  pus 
cocci.  But  the  solution  used  in  these  experiments  contained  also  five 
per  cent  of  sulphuric  acid,  which  by  itself  kills  micrococci  in  the  pro- 
portion of  1: 200.  My  conclusion  was  that,  unless  the  chemists  can 
furnish  more  concentrated  solutions  which  ^vill  keep  better  than  that 
with  which  I  experimented,  we  are  not  likely  to  derive  any  practical 
benefit  from  the  use  of  hy-drogen  peroxide  as  a  disinfectant. 

Altehof  er  more  recently  has  experimented  with  a  solution  contain- 
ing 9.7  per  cent  of  HjOg,  and  reports  the  following  results:  He  added 
to  ninety-eight  cubic  centimetres  of  hydrant  water  two  cubic  centi- 
metres of  a  bouillon  culture  of  the  tj'phoid  bacillus,  and  to  this  was 
added  sufficient  of  his  aqueous  solution  of  H^O.^  to  make  the  propor- 
tion present  1: 1,000.  At  the  end  of  twenty-four  hours  the  bacillus 
was  proved  by  culture  experiments  to  be  killed.  Water  containing 
the  cholera  spirillum,  treated  in  the  same  way,  was  not  entirely  steril- 
ized, as  a  few  colonies  developed  in  Esmarch  roll  tubes  ;  but  the  gen- 
eral result  of  his  experiments  was  that  the  ordinary  water  bacteria, 
and  the  pathogenic  bacteria  named  (cholera,  typhoid)  when  sus- 
pended in  water,  required  for  their  destruction  exposure  for  twenty- 
four  hours  in  a  solution  containing  one  part  of  H3O,  in  one  thousand 
of  water. 

Carbon  Dioxide, — The  experiments  of  Frankel  show  that  certain 
bacteria  grow  in  an  atmosphere  of  CO,  as  well  as  in  the  air  ;  among 
these  are  the  bacillus  of  typhoid  fever  and  the  pneumonia  bacillus 
of  Friedlander.  Other  species  are  slightly  restricted  in  their  growth, 
e.gr.  Bacillus  prodigiosus,  Proteus  vulgaris.  Still  others  grow  only 
when  the  temperature  is  elevated,  including  the  pus  cocci  and  the 
bacillus  of  swine  pest.  Most  of  the  saprophytic  bacteria  failed  to 
grow  in  an  atmosphere  of  C0„  although  their  vitality  was  not  de- 
stroyed by  it.  Certain  pathogenic  species  were,  however,  killed  by 
the  action  of  this  gas,  among  others  the  cholera  spirillum.  Bacillus 
anthracis,  and  Staphylococcus  pyogenes  aureus. 

Leone  and  Hochstetter  had  previously  reported  that  certain  bac- 
teria are  injuriously  affected  by  COj.  Frankel  also  found  that  the 
growth  of  strictly  anaerobic  species  was  restricted  in  an  atmosphere 
of  carbon  dioxide.  The  aerobic  species  which  failed  to  grow  in  pure 
CO,  grew  abundantly  when  a  little  atmospheric  oxygen  was  ad- 
mitted. In  the  experiments  of  Franklaad  the  cholera  spirillum  and 
the  Finkler-Prior  spirillum  failed  to  develop  in  an  atmosphere  of 
CO,,  and  at  the  end  of  eight  days  were  no  longer  capable  of  growth 
when  the  carbon  dioxide  was  replaced  with  atmospheric  air. 

Carbonic  Oxide. — Frankland's  experiments  show  that  an  atmo- 
sphere of  this  gas  is  not  favorable  to  the  growth  of  the  cholera  spiril- 
lum or  of  the  Finkler-Prior  spirillum,  although  it  did  not  entirely 
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prevent  development,  and  after  seven  days'  exposure  the  spirilla  were 
not  all  killed,  although  a  comparatively  small  number  of  colonies 
developed.  Bacillus  pyocyanus  failed  to  grow  in  an  atmosphei'e  of 
CO,  but  when  air  was  admitted,  at  the  end  of  seven  or  eight  days, 
abundant  development  occurred. 

Methane,  CH,. — We  have  no  exact  experiments  to  determine 
the  action  of  marsh  gas  in  a  pure  state  on  bacteria,  but  the  experi- 
ments of  Kladakis  upon  illmninating  gas  may  be  taken  as  repre- 
senting approximately  what  might  be  expected  from  exposure  in 
pure  CH,.  An  analysis  of  the  gas  used  in  his  experiments  showed 
it  to  contain  37.97  per  cent  of  hydrogen,  39.37  per  cent  of  methane 
(CHj,  9.99  per  cent  of  nitrogen,  4.29  per  cent  of  ethene  (CjHJ,  3.97 
per  cent  of  carbonic  oxide  (CO),  O.Gl  per  cent  of  oxygen,  and  0.41  per 
cent  of  carbon  dioxide.  As  hydrogen  and  nitrogen  are  neutral,  and 
carbonic  oxide  is  shown  by  the  experiments  of  Frankland  not  to  act 
as  a  germicide  after  several  days'  exposure  to  its  action,  the  positive 
results  obtained  in  the  experiments  of  Kladakis  may  be  ascribed  to 
the  presence  of  CH,  (39.37  per  cent)  or  of  CJl^  (4.29  per  cent),  or  of 
both  together. 

A  large  number  of  microorganisms  were  tested,  and  among  these 
Proteus  vulgaris  alone  grew  in  an  atmosphere  of  illuminating  gas. 
The  others  not  only  failed  to  grow  in  such  an  atmosphere,  but  were 
destroyed  by  it.  Cultures  of  Bacillus  anthracis,  Staphylococcus  pyo- 
genes aureus,  and  Spirillum  cholerse  Asiaticae  were  sterilized  in  half 
an  hour  by  the  action  of  this  gas.  The  gas  was  also  found  to  be  un- 
suitable for  anaerobic  cultures. 

Nitrous  Oxide,  N,0. — The  experiments  of  Frankland,  made 
upon  the  cholera  spirillum,  the  spirillum  of  Finkler-Prior,  and  the 
bacillus  of  green  pus,  gave  results  similar  to  those  obtained  with  CO, 
viz.,  seven  days'  exposure  in  an  atmosphere  of  this  gas  failed  to  de- 
stroy the  test  organisms,  but  completely  restrained  the  growth  of 
Bacillus  pyocyanus  and  interfered  materially  with  the  development 
of  the  two  species  of  spirillum  without  entirely  preventing  it. 

Nitrogen  Dioxide,  NO. — Frankland  found  that  his  test  organ- 
isms were  quickly  killed  by  this  gas  (Bacillus  pyocyanus,  Spirillum 
cholersB  Asiaticae,  Spirillum  Finkler-Prior). 

Hydrosulphuric  Acid,  H,S. — In  the  experiments  of  Frankland 
this  gas  proved  to  be  quickly  fatal  to  the  bacteria  tested  (Bacillus 
pyocyanus,  Spirillum  cholene  Asiaticae,  Spirillum  Finkler-Prior).  On 
the  other  hand,  Orauer  found  that  this  gas  did  not  exercise  any  in- 
jurious influence  upon  the  tubercle  bacillus,  the  bacillus  of  anthrax, 
the  typhoid  bacillus,  or  the  cholera  spirillum,  after  the  exposure  of 
these  microorganisms  in  a  current  of  the  gas  for  an  hour. 

It  has  been  shown  by  the  experiments  of  HolschewnikofF  and 
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others  that  certain  species  of  bacteria  cause  an  abundant  evolution 
of  H,S  as  a  result  of  their  development  in  an  albuminous  medium 
(Bacillus  sulfureus  and  Proteus  sulfureus). 

Sulphur  Dioxide,  SO,. — Very  numerous  experiments  have  been 
made  with  this  gas,  owing  to  the  fact  that  it  has  been  extensively 
used  in  various  parts  of  the  world  for  the  disinfection  of  hospitals, 
ships,  apartments,  clothing,  etc. 

In  the  writer's  experiments,  made  in  1880,  dry  vaccine  virus  on 
ivory  points  was  disinfected  by  exposure  for  twelve  hours  in  an  at- 
mosphere containing  one  volume  per  cent  of  this  gas,  and  liquid 
virus,  exposed  in  a  watch  glass,  by  one-third  of  this  amount.  Sub- 
sequent experiments  (1885)  showed  that  pus  micrococci  were  killed 
by  exix)sure  for  eighteen  hours  in  a  dry  atmosphere  containing  twenty 
volumes  per  cent  of  SO^,  but  that  four  volumes  per  cent  failed.  In 
the  presence  of  moisture  this  gas  has  considerably  greater  germicidal 
power  than  this,  owing,  no  doubt,  to  the  formation  of  the  more  ac- 
tive agent,  sulphurous  acid  (H^SO,).  But  in  a  pure  state  anhydrous 
sulphur  dioxide  does  not  destroy  spores.  The  writer  has  shown  that 
the  spores  of  Bacillus  anthracis  and  Bacillus  subtilis  are  not  killed  by 
contact  for  some  time  with  liquid  SO,  (liquefied  by  pressure).  Koch 
exposed  various  species  of  spore-bearing  bacilli  in  a  disinfection  cham- 
ber for  ninety-six  hours,  the  amount  of  SO,  at  the  outset  of  the  ex- 
periment being  6.13  volumes  per  cent,  and  at  the  end  3.3  per  cent. 
The  result  was  entirely  negative. 

But  in  the  absence  of  spores  the  anthrax  bacillus,  in  a  moist  con- 
dition, attached  to  silk  threads,  was  destroyed  in  thirty  minutes  in 
an  atmosphere  containing  one  volume  per  cent. 

In  another  of  Koch's  experiments  the  amount  of  SO,  in  the  disin- 
fection chamber  was  at  the  outset  0.84  per  cent,  and  at  the  end  of 
twenty-four  hours  0.55  per  cent.  An  exposure  of  one  hour  in  this  at- 
mosphere killed  anthrax  bacilli  attached  to  silk  threads,  in  a  moist 
condition;  but  four  hours'  exposure  failed  to  kill  Bacillus prodigiosus 
grooving  on  potato,  while  twenty-four  hours'  exposure  was  successful. 
A  similar  result  was  obt^ned  with  Bacillus  pyocyanus. 

Thinot,  as  a  result  of  experiments  made  in  1890,  arrives  at  the 
conclusion  that  the  specific  germs  of  tuberculosis,  glanders,  farcy  of 
cattle,  typhoid  fever,  cholera,  and  diphtheria  are  destroyed  by  twenty- 
four  hours'  exposure  in  an  atmosphere  containing  SO,  developed  by 
the  combustion  of  sixty  grains  of  sulphur  per  cubic  metre.  This 
amount  corresponds  closely  with  that  fixed  by  the  Committee  on  Dis- 
infectants of  the  American  Public  Health  Association  on  the  experi- 
mental e\4dence  obtained  by  the  writer  in  1885.  But  the  committee 
insisted  upon  the  presence  of  moisture  and  made  the  time  of  exposure 
twelve  hours — "  exposure  for  twelve  hours  to  an  atmosphere  con- 
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taimng  at  least  four  volumes  per  cent  of  this  gas  in  the  presence  of 
moisture." 

Chlorine. — The  haloid  elements  are  active  germicidal  agents, 
especially  chlorine  on  account  of  its  affinity  for  hydrogen,  and  the 
consequent  release  of  nascent  ox^-gen  when  it  comes  in  contact  with 
microorganisms  in  a  moist  condition.  And  for  the  same  reason  this 
{^nt  is  a  much  more  active  germicide  in  the  presence  of  moisture 
than  in  a  dry  condition.  The  experiments  of  Fischer  and  Proskauer 
showed  that  when  dried  anthrax  spores  were  exposed  for  an  hour  in 
an  atmosphere  containing  44.7  per  cent  of  dry  chlorine  they  were  not 
destroyed  ;  but  if  the  spores  were  previously  moistened  and  were  ex- 
posed in  a  moist  atmosphere  for  the  same  time,  four  per  cent  was 
effective,  and  when  the  time  was  extended  to  three  hours  one  per 
cent  destroyed  their  vitality.  The  anthrax  bacillus,  in  the  absence  of 
spores,  was  killed  by  exposure  in  a  moist  atmosphere  containing  1 
part  to  2,500,  the  time  of  exposure  being  twenty-four  hours,  and  the 
same  amount  was  effective  for  Micrococcus  tetragenus  ;  the  strepto- 
coccus of  erysipelas  and  the  micrococcus  of  fowl  cholera  were  killed  in 
three  hours  by  1  : 2,600,  and  in  twenty-four  hours  by  1: 25,000.  The 
bacillus  of  mouse  septicaemia  and  the  tubercle  bacillus  were  killed  in 
one  hour  by  1  :  200. 

In  the  writer's  ej^periments  (1880)  four  children  were  vaccinated 
with  virus  from  ivory  points  which  had  been  exposed  for  six  hours  in 
an  atmosphere  containing  one-half  per  cent  of  chlorine ;  also  with 
four  points,  from  the  same  lot,  not  disinfected.  Vaccination  was  un- 
successful in  every  case  with  the  disinfected  points,  and  successful 
with  those  not  disinfected.  Koch  found  that  anthrax  spores  failed 
to  grow  after  twenty-four  hours'  exposure  in  chlorine  water.  In 
the  experiments  of  De  la  Croix  to  determine  the  antiseptic  power  of 
this  agent,  it  was  found  that  when  present  in  unboiled  beef  infusion 
in  the  proportion  of  1  :  15,000  no  development  of  bacteria  occurred. 
Miquel  gives  the  antiseptic  value  of  chlorine  as  1  : 4,000. 

Chloroform, — Immersion  for  one  hundred  days  in  chloroform 
does  not  destroy  the  vitality  of  anthrax  spores  (Koch).  This  agent 
is  without  effect  on  the  virus  of  symptomatic  anthrax  (Arloing, 
Comevin,  and  Thomas).  Salkowski  found  that  the  anthrax  bacillus 
in  the  absence  of  spores,  and  the  cholera  spirillum,  were  killed  by 
being  immersed  in  chloroform  water  for  half  an  hour.  Kirchner 
reports  still  more  favorable  results.  In  his  experiments  a  one-per- 
cent solution  killed  the  cholera  spirillum  in  less  than  a  minute,  and 
a  one-quarter-per-cent  solution  in  an  hour.  But  the  typhoid  bacillus 
required  at  least  one-half  per  cent  acting  for  an  hour. 

Iodine, — In  the  writers  experiments  (1880)  iodine  in  aqueous 
solution  with  potassium  iodide  was  found  to  be  fatal  to  Micrococcus 
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pneumoniaB  crouposa  in  the  proportion  of  1  : 1,000,  axidtothe  staphy- 
lococci of  pus  in  1  :  500 — ^time  of  exposure  two  hours.  Iodine  water 
was  found  by  Koch  to  destroy  the  vitality  of  anthrax  spores  in 
twenty-four  hours,  but  a  two-per-cent  solution  in  alcohol  failed  to 
destroy  anthrax  spores  in  forty-eight  hours.  In  the  experiments  of 
Schill  and  Fischer  twenty  hours'  contact  with  a  solution  of  the 
strength  of  1  :  500  failed  to  destroy  the  virulence  of  tuberculous  spu- 
tum, as  tested  by  inoculation  experiments.  The  antiseptic  value  of 
iodine  is  given  by  Miquel  as  1  : 4,000. 

Bromine. — Fischer  and  Proskauer  have  studied  the  action  of 
bromine  vapor  upon  various  microorganisms.  They  found  that  ex- 
posure for  three  hours  in  a  dry  atmosphere  to  three  per  cent  does 
not  destroy  the  tubercle  bacillus  in  sputum  or  the  spores  of  an- 
thrax. But  when  the  atmosphere  is  saturated  with  moisture  1  :  500 
is  effective ;  and  when  the  time  of  exposure  was  extended  to  twenty- 
four  hours,  1  : 3,500.  A  two-per-cent  solution  destro^'S  the  vitality 
of  anthrax  spores  in  twenty-four  hours  (Koch).  Bromine  vapor  is 
an  active  agent  for  the  destruction  of  the  virus  of  symptomatic  an- 
thrax (Arloing,  Cornevin,  and  Thomas).  Miquel  gives  the  antisep- 
tic value  of  bromine  as  1  : 1,666,  which  is  considerably  below  that  of 
chlorine  and  iodine. 

Iodine  Trichloride, — According  to  Behring,  we  possess  in  this 
agent  a  disinfectant  which  possesses  the  potency  of  free  chlorine  and 
iodine  without  having  their  disadvantages.  As  prepared  by  O.  Rie- 
del  it  is  a  yellowish-red  powder  of  penetrating  odor.  It  remains  un- 
changed for  weeks  in  concentrated  aqueous  solution  (five  per  cent). 
A  one-per-cent  solution  destroys  anthrax  spores  suspended  in  water 
almost  instantly,  and  a  0.2-per-cent  solution  within  a  few  minutes. 
Anthrax  spores  in  blood  serum  are  killed  by  a  one-per-cent  solution 
in  forty  minutes  (Behring).  Langenbuch  found  that  a  solution  of 
1  : 1,000  kUls  spores  in  a  short  time,  and  that  when  added  to  nutri- 
ent gelatin  in  the  proportion  of  1  : 1,200  it  restrains  the  develop- 
ment of  bacteria. 

Iodoform, — Numerous  experiments  have  been  made  with  this 
agent,  which  show  that  it  has  Uttle,  if  any,  germicidal  power  ;  but 
it  acts  to  some  extent  as  an  antiseptic.  Tilaiius  reports  that  the  tu- 
bercle bacillus  will  not  grow  in  glycerin-agar  cultures  to  which  a 
small  quantity  of  iodoform  has  been  added,  and  that  a  pure  culture 
of  the  tubercle  bacillus  was  not  killed  in  six  days  by  exposure  to 
iodoform  vapor,  but  that  after  six  weeks'  exposure  it  failed  to  grow. 
The  experiments  of  Neisser  and  of  Buchner  show  that  while  most 
bacteria  are  not  injuriously  affected  by  exposure  to  iodoform  vapor, 
the  cholera  spirillum  and  the  Finkler-Prior  spirillum  are  restrained  in 
their  growth  by  such  exposure.     When  plate  cultures  of  the  cholera 
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spirillum  were  placed  under  a  bell  jar  beside  iodoform  powder 
no  development  occurred,  but  when  they  were  removed  colonies  de- 
veloped, showing  that  the  spirilla  were  not  killed. 

Iodoform  Ether,  according  to  Yersin,  is  fatal  to  the  tubercle  ba- 
cillus in  one-per-cent  solution  in  five  minutes.  Cadeac  and  Meunier 
found  that  a  saturated  solution  required  thirty-six  hours  to  kill  the 
bacillus  of  typhoid  fever. 

lodol. — In  experiments  made  by  the  writer  (1885)  this  agent  was 
found  to  be  without  germicidal  power.  Riedlin  found  it  without  any 
action,  even  upon  the  cholera  spirillum. 

Hydrofluoric  Acid,  HFl. — From  a  series  of  experiments  made 
with  this  gas,  Grancher  and  Chautard  arrive  at  the  conclusion  that 
"  the  direct  and  prolonged  action  of  hydrofluoric  acid  upon  the  tuber- 
cle bacillus  diminishes  its  virulence  but  does  not  kill  it.'' 
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Sulphuric  Acid,  H,SO,. — The  experiments  of  Koch  (1881) 
showed  that  anthrax  spores  were  still  capable  of  growing  after  ex- 
posure in  a  one-per-cent  solution  of  sulphuric  acid  for  twenty  days. 
In  the  writers  experiments  (1885)  a  four-per-cent  solution  failed  to 
destroy  the  spores  of  Bacillus  subtilis  in  four  hours,  and  an  eight- 
per-cent  solution  was  found  to  be  required  for  the  sterilization  of 
culture  fluids  containing  spores ;  but  the  multipUcation  of  the  bacte- 
ria of  putrefaction  was  prevented  by  the  presence  of  this  acid  in  a 
culture  solution  in  the  proportion  of  1  :  800.  Pus  micrococci  were 
destroyed  by  exposure  for  two  hours  in  a  solution  containing  1  :  200. 

The  experiments  of  Boer  show  that  there  is  a  considerable  differ- 
ence in  the  resisting  power  of  different  pathogenic  bacteria.  The 
time  of  exposure  being  two  hours,  cultures  in  bouillon  twenty-four 
hours  old  gave  the  following  results  : 


Anthrax  bacillus.. 
Diphtheria  bacillus 
Olanders  bacillus.. 
Tvphoid  bacillus. . 
Cholera  spirillum  . 


Reetrains 

DestrojTB 

development. 

Titality. 

1:2550 

1 : 1300 

1  :  2050 

1:500 

1:750 

1:200 

1  : 1550 

1:500 

1:7000 

1:1300 

Leitz,  in  his  studies  relating  to  the  bacillus  of  typhoid  fever, 
reports  the  following,  results  :  The  dejections  of  typhoid  patients, 
mixed  with  an  equal  proportion  of  the  disinfecting  solution,  were 
sterilized  by  a  five-per-cent  solution  of  sulphuric  acid  in  three  days. 
A  pure  culture  was  sterilized  in  fifteen  minutes  by  two  per  cent,  and 
in  five  minutes  by  five  per  cent. 

Sulphurous  Acidy  H^SO^. — In  the  writer's  experiments  (1885) 
micrococci  were  destroyed  in  two  hours  by  1  :  2,000  by  weight  of  S0« 
added  to  water.  Kitasato  found  that  solutions  of  sulphurous  acid 
in  the  proportion  of  0.28  per  cent  killed  the  typhoid  bacillus,  and 
0. 148  per  cent  the  cholera  spirillum.     De  la  Croix  found  that  one 
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gramme  of  SO,  added  to  two  thousand  of  bouillon  prevents  the  de- 
velopment of  putrefactive  bacteria  and  after  a  time  destroys  the 
vitality  of  these  bacteria.  The  writer  found  that  pus  cocci  failed  to 
grow  in  a  culture  solution  containing  one  part  of  SO,  in  five  thousand 
of  water. 

Nitric  Acidy  HNO,. — In  the  writer's  experiments  an  eight-per- 
cent solution  which  contained  0.819  gramme  of  HNO,  in  each  cubic 
centimetre  sterilized  broken-down  beef  tea  containing  spores,  and 
five  per  cent  failed  to  do  so.  Kitasato,  in  experiments  upon  the  chol- 
era spirillum  and  typhoid  bacillus,  obtained  results  corresponding 
with  those  obtained  with  hydrochloric  acid — 0.3  per  cent  destroyed 
vitality  at  the  end  of  four  or  five  hours.  In  these  experiments  the 
acid  used  contained  0.35  gramme  HNO,  in  one  cubic  centimetre. 

Nitrous  Acid. — In  the  writer's  experiments  on  vaccine  virus  (1880) 
exposure  for  six  hours  in  an  atmosphere  containing  one  per  cent  of 
nitrous  acid  destroyed  the  virulence  of  dried  virus  upon  ivory  points. 

Hydrochloric  Acid,  HCl. — Anthrax  spores  are  destroyed  in  ten 
days  by  a  two-per-cent  solution,  but  not  in  five  days  (Koch).  Tested 
upon  broken-down  beef  tea  containing  spores  of  Bacillus  subtilis,  it 
was  effective  in  two  hours  in  the  proportion  of  fifteen  per  cent,  but 
failed  in  ten  per  cent  (Sternberg).  In  the  experiments  of  Kitasato  this 
acid  destroyed  the  typhoid  bacillus  in  five  hours  in  the  proportion  of 
0.*^  per  cent,  and  the  cholera  spirillum  in  0.132  per  cent — the  acid 
used  contained  0.26  granmie  HCl  in  one  cubic  centimetre.  We  give 
the  more  recent  determinations  of  Boer  in  tabular  form.  Its  germi- 
cidal power  was  tested  upon  bouillon  cultures  which  had  been  kept 
for  twenty-four  hours  in  an  incubating  oven ;  time  of  exposure  to 
the  action  of  the  acid  solution,  two  hours. 


Restrains 
development. 

Destroys 
vltaUty. 

Anthrax  bacillus 

3400 
3400 

:700 
2100 

:5500 

1  :1100 

Wphtheriii  bacillus 

Glaaders  bacillus 

1:700 
1-200 

Typhoid  bacillus 

Cholera  spirillum 

1:300 
1  ■  1350 

Chromic  Acid, — In  Koch's  experiments  a  one-per-cent  solution 
destroyed  anthrax  spores  in  from  one  to  two  days.  In  the  propor- 
tion of  1  : 5,000  it  prevents  the  development  of  putrefactive  bacteria 
(Miquel). 

Osmic  Acid. — A  solution  of  one  per  cent  kills  anthrax  spores -in 
twenty-four  hours  (Koch).  It  is  an  antiseptic  in  the  proportion  of 
1:6,666  (Miquel). 

Phosphoric  Acid. — Exposure  for  four  or  five  hours  to  a  solution 
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containing  0.3  per  cent  destroys  the  typhoid  bacillus,  and  0.183  per 
cent  the  cholera  spirillum  (Kitasato).  The  acid  used  contained  0.152 
^amme  H,PO^  in  one  cubic  centimetre. 

Acetic  Acid.^X  five-per-cent  solution  failed  to  kill  anthrax 
spores  after  five  days'  exposure  (Koch).  In  Abbott  s  experiments 
glacial  acetic  acid  in  fifty-per-cent  solution  failed  in  two  hours  to  kill 
anthrax  spores,  but  micrococci  were  killed  by  two  hours'  exposure  to 
a  one-per-cent  solution.  A  solution  of  1  :  300  of  glacial  acetic  acid 
destroys  the  cholera  spirillum  in  half  an  hour  (Van  Ermengem).  In 
the  proportion  of  0.25  per  cent  it  restrains  the  growth  of  the  typhoid 
bacillus,  and  0.3  per  cent  destroys  its  vitality  after  five  hours'  expo- 
sure ;  the  cholera  spirillum  fails  to  grow  in  presence  of  0.132  per  cent 
and  is  destroyed  by  0.2  per  cent  (Kitasato). 

Lactic  Acid. — The  bacillus  of  typhoid  fever  is  killed  in  five  hours 
by  a  solution  containing  0.4  per  cent,  the  cholera  spirillum  by  0.3  per 
cent  (Kitasato). 

Citric  Acid. — The  bacillus  of  typhoid  fever  is  killed  in  five  hours 
by  0.43  per  cent,  the  cholera  spirillum  by  0.3  percent  (Kitasato). 
The  cholera  spirillum  is  killed  in  half  an  hour  by  1  :  200  (Van  Er- 
mengem). 

Oxalic  Acid. — The  typhoid  bacillus  requires  a  solution  of  0.36 
per  cent,  the  cholera  spirillum  one  of  0.28  per  cent,  to  destroy  vitaUty 
in  five  hours  (Kitasato). 

Boracic  Acid.— hi  the  writer  s  experiments  (1883)  a  saturated 
solution  failed  to  kill  pus  cocci  in  two  hours.  A  five-per-cent  solu- 
tion failed  to  destroy  anthrax  spores  in  five  days  (Koch).  The 
typhoid  bacillus  is  killed  in  five  hours  by  2. 7  per  cent,  the  cholera 
'  spirillum  by  1.5  per  cent  (Kitasato).  According  to  Arloing,  Come- 
vin,  and  Thomas,  the  fresh  virus  of  symptomatic  anthrax  requires 
exposure  to  a  twenty-per-cent  solution  for  forty-eight  hours  for  the 
destruction  of  vitality.  Boracic  acid  acts  as  an  antiseptic  in  the  pro- 
'  portion  of  1  :  143  (Miquel). 

Salicylic  Acid. — In  the  writer's  experiments  this  agent  was  dis- 
solved by  the  addition  of  sodium  biborate,  which  by  itself  has  no 
germicidal  power.  A  two-per-cent  solution  was  found  to  destroy  pus 
cocci  in  two  hours.  Dissolved  in  oil  or  in  alcohol  a  five-per-cent  so- 
lution does  not  destroy  anthrax  spores  (Koch).  Micrococci  are  de- 
stroyed by  solutions  containing  1  :  400  (Abbott).  The  typhoid  bacillus 
is  killed  in  five  hours  by  1.6  per  cent,  the  cholera  spirillum  by  1.3  per 
cent  (Kitasato).  A  one-per-cent  solution  destroys  Micrococcus  Pas- 
teuri  in  half  an  hour  (Sternberg).  It  is  an  antiseptic  in  the  propor- 
tion of  1 : 1,000  (Miquel).  A  solution  of  2.5  percent  kills  the  tubercle 
bacillus  in  six  hours  ( Yersin).  In  the  proportion  of  1 :  300  it  destroys 
the  cholera  spirillum  in  half  an  hour  (Van  Ermengem). 
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Benzoic  Acid, — ^According  to  Miquel,  this  acid  restrains  the  de- 
velopment of  putrefactive  bacteria  when  present  in  bouillon  in  the 
proportion  of  1: 909.  In  the  proportion  of  1  :  3,000  it  retards  the  de- 
velopment of  anthrax  spores  (Koch). 

Formic  Acid. — The  typhoid  bacillus  is  restrained  in  its  growth  by 
0.25  per  cent,  and  is  killed  in  five  hours  by  0.35  per  cent,  the  cholera 
spirillum  by  0.22  per  cent  (Kitasato). 

Tannic  Acid. — A  solution  of  one  per  cent  kills  Micrococcus  Pas- 
teariinthe  blood  of  a  rabbit  in  half  an  hour  (Sternberg).  A  five- 
per-cent  solution  failed  in  ten  days  to  destroy  anthrax  spores  (Koch), 
A  twenty-per-cent  solution  failed  in  two  hours  to  destroy  the  vitaUty 
of  spores  of  the  anthrax  bacillus  or  of  Bacillus  subtilis  (Abbott). 
Micrococci  are  destroyed  by  1 :400,  and  1  ;800  failed  (Abbott).  A 
twenty-per-cent  solution  has  no  effect  upon  the  virus  of  symptomatic 
anthrax  (Arloing,  Comevin,  and  Thomas).  A  solution  of  1,66  per 
cent  kills  the  typhoid  bacillus  in  five  hours,  and  1.5  per  cent  the 
cholera  bacillus  in  the  same  time  (Kitasato).  It  restrains  the  devel- 
opment of  putrefactive  bacteria  in  the  proportion  of  1  :  207  (Miquel). 

Tartaric  Acid. — A  twenty-per-cent  solution  of  this  acid  fails, 
after  two  hours*  exposure,  to  destroy  the  spores  of  Bacillus  anthracis 
or  Bacillus  subtilis.  Micrococci  are  killed  by  two  hours'  exposure  in 
a  solution  containing  1  :  400  (Abbott). 

Malic  Acid. — This  was  found  by  Kitasato  to  correspond  with 
citric  acid  in  its  germicidal  power. 

Valerianic  Acid. — A  five-per-cent  solution  in  ether  failed  in  five 
days  to  destroy  anthrax  spores  (Koch). 

Oleic  Acid. — A  solution  of  five  per  cent  in  ether  does  not  destroy 
anthrax  spores  in  five  days  (Koch). 

Thymic  Acid. — In  the  proportion  of  1  :  500  this  acid  prevents  the 
putrefactive  decomposition  of  beef  tea  (Miquel). 

Butyric  Acid. — Five  days'  immersion  in  this  acid  failed  to  de- 
stroy anthrax  spores  (Koch). 

Arsenious  Acid. — A  one-per-cent  solution  destroys  the  vitality 
of  anthrax  spores  in  ten  days,  but  failed  to  do  so  in  six  days  (Koch). 
In  the  proportion  of  1 :  166  it  prevents  putrefactive  changes  in  bouillon 
(Miquel). 

Gallic  Acid. — Abbott  found  this  acid  to  destroy  the  bacteria  in 
broken-down  beef  tea  in  the  proportion  of  2.37  per  cent,  but  it  failed 
to  destroy  anthrax  spores  in  two  hours  in  the  same  proportion.  Mi- 
crococci were  killed  in  two  hours  by  1  :  142,  while  1  :  250  failed, 

ALKALIES. 

Potassium  Hydroxide,  KHO. — In  the  writer  s  experiments  aten- 
per-cent  solution  of  caustic  potash  was  fatal  to  pus  cocci,  and  an 
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eight-per-cent  solution  failed — ^two  hours'  exposure.  Exposure  for 
twenty-four  hours  to  a  ten-per-cent  solution  failed  to  kill  the  tubercle 
bacillus  (Schill  and  Fischer).  A  solution  of  one  per  cent  kills  the 
anthrax  bacillus,  the  bacillus  of  rothlauf,  and  several  others  (J%er). 
The  addition  of  0.14  per  cent  restrains  the  development  of  the  typhoid 
bacillus,  and  0.18  per  cent  kills  this  bacillus  in  four  or  five  hours;  the 
cholera  spirillum  failed  to  grow  in  cultures  containing  0.18  per  cent 
and  was  killed  by  0.237  per  cent  in  the  same  time  (Kitasato). 

Sodium  Hydroxide^  NaHO. — The  experiments  of  Jager  and  of 
Kitasato  show  that  soda  has  about  the  same  germicidal  power  as 
caustic  potash.  Boer  obtained  the  following  results  with  bouillon 
cultures  after  two  hours' exposure:  Anthrax  bacillus,  1:450;  diph- 
theria bacillus,  1  :300;  glanders  bacillus,  1  :loO;  typhoid  bacillus, 
1  :  100  ;  cholera  spirillum,  1  :  150.  In  about  one-half  the  amount 
required  to  destroy  vitality  the  development  of  the  above-named  bac- 
teria was  prevented.  In  the  proportion  of  1  :  56  it  acts  as  an  anti- 
septic (Miquel). 

Ammonia,  NH,. — In  Kitasato 's  experiments  the  typhoid  bacillus 
was  destroyed  in  five  hours  by  0.3  per  cent  of  NH„  and  the  cholera 
spirillum  by  about  the  same  amount.  Boer  obtained  the  following 
results,  the  time  of  exposure  being  two  hours  :  Anthrax  bacillus, 
1 :  300  ;  diphtheria  bacillus,  1  :  250  ;  glanders  bacillus,  1 :  250  ;  typhoid 
bacillus,  1 :  200  ;  cholera  spirillum,  1 :  350.  The  growth  of  the  an- 
thrax bacillus  and  of  the  diphtheria  bacillus  in  culture  solutions  was 
prevented  by  1  :  050. 

Calcium  Hydroxide,  Ca2H0. — According  to  Kitasato,  the  ty- 
phoid bacillus  and  the  cholera  spirillum,  in  bouillon  cultures,  are 
killed  in  four  or  five  hours  by  the  addition  of  0.1  per  cent  of  calcium 
oxide.  Liborius  had  previously  reported  still  more  favorable  results, 
but  his  bouillon  cultures  were  largely  diluted  with  distilled  water. 
From  a  practical  point  of  view  the  experiments  of  Pfuhl  are  more 
valuable.  Calcium  hydrate  was  added  to  the  dejections  of  typhoid 
patients.  When  added  in  the  proportion  of  three  per  cent  steriliza- 
tion was  effected  in  six  hours,  and  by  six  per  cent  in  two  hours. 
When  milk  of  lime  containing  twenty  per  cent  of  calcium  hydrate 
was  used  the  results  were  still  more  favorable,  the  typhoid  bacillus 
and  cholera  spirillum  being  killed  in  one  hour  by  the  addition  of 
two  per  cent  of  the  disinfectant.  The  practical  value  of  lime-wash 
applied  to  walls  has  been  determined  by  Jager.  Silk  threads  soaked 
in  cultures  of  various  pathogenic  bacteria  were  attached  to  boards 
and  the  lime- wash  applied  with  a  camel's-hair  brush.  Anthrax  ba- 
cilli (without  spores),  the  glanders  bacillus.  Staphylococcus  pyogenes 
aureus,  and  several  other  pathogenic  bacteria  were  killed  by  a  single 
application  after  twenty-four  hours,  but  the  tubercle  bacillus  was  not 
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killed  by  three  successive  applications.  In  the  writer's  experiments 
(1885)  the  typhoid  bacillus  and  Staphylococcus  pyogenes  aureus  were 
killed  in  two  hours  by  a  solution  containing  1 :  40  of  calcium  oxide, 
and  1: 80  failed.  Spores  of  the  anthrax  bacillus  and  of  several  other 
spore-forming  species  were  not  killed  by  two  hours'  exposure  to  a 
milk  of  lime  contcdning  twenty  per  cent  of  calcium  oxide. 

12 
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X. 
ACTION  OF  SALTS. 

While  some  of  the  metallic  salts,  and  especially  those  of  mer- 
cury, silver,  and  gold,  have  remarkable  germicidal  power,  others, 
even  in  concentrated  solutions,  do  not  destroy  the  vitaUty  of  bacteria 
exposed  to  their  action.  For  convenience  of  reference  we  shall  con- 
sider the  agents  in  this  group  in  alphabetical  order,  but  first  we  give 
Miquel's  tables  of  antiseptic  value.  This  author  recognizes  the  im- 
portance of  experiments  to  determine  the  restraining  power  of  chem- 
ical agents  for  various  species  of  pathogenic  bacteria,  but  says  :  '*  As 
to  me,  faithful  to  a  plan  I  adopted  at  the  outset,  I  will  treat  the  sub- 
ject in  a  more  general  manner  by  making  known  simply  the  mini- 
mum weight  of  the  substances  capable  of  preventing  the  evolution  of 
any  bacteria  or  germs.  The  method  adopted  is  very  simple.  To  a 
liquid  always  comparable  to  itself  it  is  sufficient  at  first  to  add  a 
known  weight  of  the  antiseptic  and  some  atmospheric  germs  or  adult 
bacteria,  and  to  vary  the  quantity  of  the  antiseptic  until  the  amount 
is  ascertained  which  will  preserve  indefinitely  the  liquid  from  putre- 
faction. In  order  to  obtain  germs  of  all  kinds  in  a  dry  state  it  suf- 
fices to  take  them,  where  they  are  most  abundant,  in  the  dust  col- 
lected in  the  interior  of  houses  or  of  hospitals;  and  to  procure  a 
variety  of  adult  bacteria  we  may  take  the  water  of  sewers. " 

SUBSTANCES  EMINENTLY  ANTISEPTIC. 

Efficient  in  the 
proportion  of — 

Mercuric  iodide,         .                                                .  .        1 :  40000 

Silver  iodide,        ......  1:33000 

Hydrogfen  peroxide,  .                                    .  .        1 :  20000 

Mercunc  cnloride,            .....  1:14300 

Silver  nitrate,                                                               .  .        1 :  12500 

SUBSTANCES  VERY  STRONGLY  ANTISEPTIC. 

Osmic  acid,                        .                                     .            .  1 :  6666 

Chromic  acid,              .                         .            .            .  .        1 :  5000 

Chlorine,               ......  1:4000 

Iodine,  .......        1:4000 

Chloride  of  fipold,  .            .....  1:4000 

Bichloride  of  platinum,         .            .            .            .  .        1 :  3333 

Hydrocyanic  acid,            .            .            .            .            .  l :  2600 
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Bromine,  .......  1:1666 

Cupric  chloride,   ......  1:1428 

Thymol,  .......  1:1340 

Cupric  sulphate,  ......  1:1111 

Salicylic  acid,  ......  1:1000 


8UBSTAKCBS  STRONGLY  ANTISEPTIC. 


Benzoic  acid. 

1:909 

Potassium  bichromate. 

1:909 

Potassium  cyanide, 

1:909 

Aluminum  chloride, 

1:714 

Ammonia, 

1:714 

Zinc  chloride, 

.       1:526 

Mineral  acids, 

1:500  tol:333 

Thymic  acid,  . 

.       1:500 

Lead  chloride. 

1:5QP 

Nitrate  of  cobalt, 

1:476 

Sulphate  of  nickel. 

1:400 

Nitrate  of  uranium,    . 

.       1:356 

Carbolic  acid. 

1:333 

Potassium  permanganate,     . 

.      1:286 

Lead  nitrate. 

1:277 

Alum,  .... 

1:222 

Tannin,     .            .            .            , 

1:207 

8UBSTAN0B8  MODERATELY  ANTISEPTIC. 

Bromhydrate  of  quinine,      .....      1:182 

Arsenious  acid,     .                                                                       1:166 

Boracicacid,  .                        .                                    .            .1:143 

Sulphate  of  strychnia,                                                     .            1 :  143 

Arsenite  of  soda,        .                                                            .1:111 

Hydrate  of  chloral, 1:107 

Salicylate  of  soda,      .                                                            .1:100 

Ferrous  sulphate,                                                                        1:90 

Caustic  soda,  .            .                        .                        .            .1:66 

SUBSTANCES  FREELY  ANTISEPTIC. 

Perchloride  of  manganese,                                  .                         1:40 

Calcium  chloride,                              .                                   .      1 :  25 

Sodium  borate,     .                                                                       1:14 

Muriate  of  morphia,  .                                                            .       1 :  13 

Strontium  chloride,                                                                        1 :  12 

Lithium  chloride,                                                                   .1:11 

Barium  chloride,  .                        .                        .                         1 :  10 

Alcohol 1:10 

SUBSTANCES  VERY  FEEBLY  ANTISEPTIC. 

Ammonium  chloride,                               .                                    1:9 

Potassium  arsenite,    •            .            .                        .            .1:8 

Potassium  iodide,                                                                        1:7 

Sodium  chloride,                               .                                   .1:6 

Glycerin  (sp.  gr.  1.26), 1:4 

Ammonium  sulphate. 
Sodium  hyiK>sulphite,     . 

• 

.       1:4 
1:3 
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ANTISEPTIC  AND  QERMICIDAL  VALUE  OP  VARIOUS  SALTS, 
ARRANGED  ALPHABETICALLY. 

Alum, — Antiseptic  in  the  proportion  of  1  :  222  (Miquel). 

Aluminum  Acetate. — According  to  De  la  Croix,  this  salt  is  an 
antiseptic  in  the  proportion  of  1  :  6,310.  Kuhn  found  it  to  be  anti- 
septic in  1  : 5,250. 

Aluminum  Chloride, — Antiseptic  in  the  proportion  of  1  :  714 
(Miquel). 

Ammonium  Carbonate, — When  present  in  the  proportion  of 
1  :  125  it  restrains  the  development  of  typhoid  bacilli,  and  in  five 
hours'  time  it  kills  these  bacilli  in  the  proportion  of  1 :  100 ;  the 
cholera  spirillimi  is  killed  in  the  same  time  by  1  :  77  (Kitasato). 

Ammonium  Chloride, — Antiseptic  in  the  proportion  of  1  : 9 
(Miquel).  A  five-per-cent  solution  does  not  kill  anthrax  spores  in 
twenty-five  days  (Koch). 

Ammonium  Fluosilicate, — The  bacillus  of  anthrax  and  of  ty- 
phoid fever  fail  to  grow  in  nutrient  gelatin  containing  1  : 1,000,  and 
a  two-per-cent  solution  kills  anthrax  spores  in  one-quarter  to  three- 
quarters  of  an  hour  (Faktor). 

Amm^onium  Sulphate. — Antiseptic  in  the  proportion  of  1:4 
(Miquel).  A  five-per-cent  solution  failed  in  two  days  to  kill  an- 
thrax spores,  but  was  effective  in  five  days  (Koch). 

Barium  Chloride  is  an  antiseptic  in  the  proportion  of  1  :  10 
(Miquel). 

Calcium  Chloride  is  an  antiseptic  in  the  proportion  of  1  :  25 
(Miquel).  A  saturated  solution  does  not  destroy  anthrax  spores 
(Koch). 

Calcium  Hypochlorite, — This  is  a  powerful  germicidal  agent 
and  has  great  value  as  a  practical  disinfectant.  Good  chloride  of 
lime  contains  from  twenty-five  to  thirty  per  cent  of  available  chlo- 
rine as  hj^pochlorite.  The  experiments  made  by  the  Committee  on 
Disinfectants  of  the  American  Public  Health  Association  in  1885 
showed  that  a  solution  containing  0.25  per  cent  of  chlorine  as  hypo- 
chlorite is  an  effective  germicide,  even  when  allowed  to  act  only 
for  one  or  two  minutes.  In  Bolton's  experiments  a  solution  of  chlo- 
ride of  lime  of  1  : 2,000  (available  chlorine  0.015)  destroyed  the  ty- 
phoid bacillus  and  the  cholera  spirillum  in  two  hours.  For  the  de- 
struction of  anthrax  spores  a  one-per-cent  solution  was  required 
(available  chlorine  0.3  per  cent),  Nissen  found  that  the  typhoid 
bacillus  and  the  cholera  spirillum  are  destroyed  with  certainty  in 
five  minutes  by  a  solution  containing  0. 12  per  cent,  anthrax  bacilli 
in  one  minute  by  0. 1  per  cent,  Staphylococcus  pyogenes  aureus  in 
one  minute  by  0.2  per  cent,  anthrax  spores  in  thirty  minutes  by  a 
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five-per-cent  solution  and  in  seventy  minutes  by  a  one-per-cent  solu- 
tion. Experiments  made  by  the  same  author  upon  the  sterilization 
of  fsBces  showed  that  0.5  per  cent  to  one  per  cent  could  be  relied  upon 
to  destroy  the  typhoid  bacillus  or  the  cholera  spirillum  in  fseces  in 
ten  minutes. 

Chloral  Hydrate: — Antiseptic  in  the  proportion  of  1  :  107  (Mi- 
quel).  A  twenty-per-cent  solution  destroys  pus  cocci  in  two  hours 
(Sternberg). 

Cupric  Chloride, — Antiseptic  in  the  proportion  of  1  •  1,428 
(lliquel). 

Cupric  Sulphate. — Antiseptic  in  the  proportion  of  1  :  111  (Mi- 
quel).  Kills  the  cholera  spirillum  in  the  proportion  of  1  : 3,000  in 
ten  minutes  (Nicati  and  Rietsch).  Destroys  the  cholera  spirillum  in 
bouillon  cultures  in  less  than  half  an  hour  in  1  :  600,  and  in  four 
hours  in  1  : 1,000 ;  cultures  in  blood  serum  require  1  :  200  (Van  Er- 
mengem).  A  solution  of  1  :  20  kills  the  typhoid  bacillus  in  ten  min- 
utes (Leitz).  This  salt  failed,  in  the  writer's  experiments,  to  kill  the 
spores  of  Bacillus  anthracis  and  Bacillus  subtilis  in  two  hours'  time 
in  a  twenty-per-cent  solution.  In  Koch's  experiments  a  five-per-cent 
solution  failed  to  kill  anthrax  spores  in  ten  days.  Kills  pus  micro- 
cocci in  two  hours  in  the  proportion  of  1  :  200  (Sternberg).  In  Bol- 
ton's experiments  made  for  the  Committee  on  Disinfectants  of  the 
American  Public  Health  Association  the  following  results  were  ob- 
tained: Recent  cultures  in  bouillon,  time  of  exposure  two  hours  :  Ba- 
cillus of  typhoid  fever,  1  :  200;  cholera  spirillum,  1  ;  500;  Bacillus  pyo- 
cyanus,  1 :200;  Brieger's  bacillus,  1 :200;  Emmerich's  bacillus,  1  :  200; 
Staphylococcus  pyogenes  aureus,  1  :  100 ;  Staphylococcus  pyogenes 
citreuSy  1 :  100;  Staphylococcus  pyogenes  albus,  1  ;  200;  Streptococcus 
pyogenes,  1  :  500.  When  ten  per  cent  of  dried  egg  albumin  was 
added  to  a  recent  culture  in  bouillon  of  the  typhoid  bacillus  the 
amount  required  to  insure  sterilization  was  1  :  10. 

In  the  report  of  the  Committee  on  Disinfectants  of  the  American 
Public  Health  Association  this  a^ent  is  recommended  in  ''  a  solu- 
tion of  two  to  five  per  cent  for  the  destruction  of  infectious  material 
not  containing  spores.'*  The  experimental  data  above  given  show 
that  this  is  a  liberal  allowance  for  material  which  does  not  contain 
an  excessive  amount  of  albuihin.  In  the  experiments  of  Leitz  the 
typhoid  bacillus  in  cultures  was  destroyed  in  ten  minutes  by  a  five- 
per-cent  solution. 

Ferric  Chloride. — ^A  five-per-cent  solution  failed  in  two  days  to 
destroy  anthrax  spores,  but  was  effective  in  five  days  (Koch). 

Ferrous  Sulphate. — In  the  writer's  experiments  (1883)  a. solution 
of  twenty  per  cent  failed  to  destroy  micrococci  and  putrefactive  bac- 
teria.    In  a  more  recent  experiment  ten  per  cent  failed  to  kill  pus 
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cocci,  but  was  fatal  to  Micrococcus  tetragenus — two  hours'  exposure. 
Koch  found  that  a  five-per-cent  solution  failed  to  destroy  anthrax 
spores  in  six  days.  Exposure  to  a  twenty-per-cent  solution  for  forty- 
eight  hours  does  not  destroy  the  virus  of  symptomatic  anthrax  (Ar- 
loing,  Cornevin,  and  Thomas).  In  the  experiments  of  Jager  immer- 
sion in  a  solution  of  1  :  3  destroyed  the  infective  virulence  of  certain 
pathogenic  bacteria  (fowl  cholera,  rothlauf,  glanders),  as  tested  by 
injection  into  mice,  but  failed  to  kill  anthrax  spores  and  tubercle  ba- 
ciUi.  The  antiseptic  power  of  ferrous  sulphate  is  placed  by  Miquel 
at  1  :  90.  In  the  writer  s  experiments  1  :  200  prevented  the  develop- 
ment of  micrococci  and  of  putrefactive  bacteria  in  bouillon  placed 
in  the  incubating  oven  for  forty-eight  hours.  Leitz  found  that  a 
five-per-cent  solution  required  three  days*  exposure  for  the  destruc- 
tion of  the  typhoid  bacillus. 

Gold  Chloride. — Antiseptic  in  the  proportion  of  1  : 4,000  (Miquel). 
Boer  has  made  extended  experiments  ^vith  the  chloride  of  gold  and 
sodium.  We  give  his  results  below.  In  his  disinfection  experi- 
ments a  bouillon  culture  which  had  been  in  the  incubating  oven  for 
twenty-four  hours  was  used,  and  the  time  of  exposure  was  two  hours. 


Anthrax  bacillus 
Diphtheria  bacillus. 
Glanders  bacillus     . 
Typhoid  bacillus  .. 
Cholera  spirillum. . . 


Restrains 
deTelopment. 


1:40000 
1:40000 
1  : 15000 
1:20000 
1:25000 


Destroys 
vitality. 


1:8000 

1:1000 

1:400 

1:500 

1:1000 


Lead  Chloride. — Antiseptic  in  the  proportion  of  1  :  500  (Miquel). 

Lead  Nitrate. — Antiseptic  in  the  proportion  of  1  :  277  (Miquel). 

Lithium  Chloride. — Antiseptic  in  the  proportion  of  1 :  11  (Mi- 
quel). 

Manganese  Protochloride. — Antiseptic  in  the  proportion  of  1:40 
(Miquel). 

Mercuric  Chloride. — Koch's  experiments  (1881)  gave  the  follow- 
ing results  :  A  solution  of  1 : 1,000  destroys  anthrax  spores  in  a  few 
minutes,  and  1 :  10,000  is  effective  after  a  more  prolonged  exposure. 
The  writer  (1884)  obtained  similar  results — 1 :  10,000  destroyed  the 
spores  of  Bacillus  anthracis  and  of  Bacillus  subtiUs  in  two  hours. 
More  recent  experiments  indicate  that  failure  to  grow  in  culture  so- 
lutions  cannot  be  accepted  as  evidence  of  the  destruction  of  vitality 
in  the  case  of  spores 'exposed  to  the  action  of  this  agent,  unless  due 
precautions  are  taken  to  exclude  the  restraining  influence  of  the  small 
amount  of  mercuric  chloride  which  remains  attached  to  the  spores. 
Koch  had  ascertained  that  the  development  of  spores  is  restrained  by 
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the  presence  of  1 :  300,000  in  a  culture  medium,  and  Geppert  has  re- 
cently shown  that  even  so  small  an  amount  as  1 :  2,000,000  will  pre- 
vent the  development  of  spores  the  vitality  of  which  has  been  reduced 
by  the  action  of  a  strong  solution  (1  : 1,000).  When  this  restraining 
action  is  entirely  neutralized  by  washing  the  spores  in  a  solution  con- 
taining ammonimn  sulphide  it  requires,  according  to  Geppert,  a  solu- 
tion of  1:1,000  acting  for  one  hour  to  completely  destroy  the  vitality 
of  anthrax  spores.  Frankel  found  that  a  solution  of  1  : 1,000  was 
effective  in  half  an  hour.  The  typhoid  bacillus,  the  bacillus  of  mouse 
septicaemia,  and  the  cholera  spirillum,  in  bouillon  cultures  and  in 
cultures  in  flesh-peptone-gelatin,  are  destroyed  in  two  hours  by 
1 :  10,000  ;  but  in  a  bouillon  culture  to  which  ten  per  cent  of  dried 
egg  albumin  was  added  a  one-per-cent  solution  was  required  to  de- 
stroy the  typhoid  bacillus  in  the  same  time  (Bolton).  According  to 
Van  Ermengem,  cultures  of  the  cholera  spirillum  in  bouillon  are  steril- 
ized in  half  an  hour  by  1 :  60,000,  but  cultures  in  blood  serum  require 
1 :  800  to  1 : 1,000.  In  experiments  upon  tuberculous  sputum  Schill 
and  Fischer  found  that  exposure  of  fresh  sputum  to  an  equal  amount 
of  a  1  : 2,000  solution  for  twenty-four  hours  failed  to  disinfect  it,  as 
shown  by  inoculation  experiments  in  guinea-pigs.  The  antiseptic 
power  of  mercuric  chloride  is  given  by  Miquel  as  1 :  14,300.  In  the 
writer's  experiments  1 :  33,000  was  found  to  prevent  the  development 
of  putrefactive  bacteria  in  bouillon,  but  a  minute  bacillus  contained  in 
broken-down  beef  infusion  multiplied,  after  several  days,  in  1  :  20,000. 
The  pus  cocci  were  restrained  in  their  development  by  1 :  30,000. 

In  Behring's  experiments  the  anthrax  bacillus  and  cholera  spiril- 
lum were  killed  in  one  hour  by  1 :  100,000  when  the  temperature 
was  36*^  C,  but  at  a  temperature  of  3°  C.  the  proportion  required 
was  1 :  25,000.  The  same  author  states  that  at  22°  C.  Staphylo- 
coccus aureus  in  bouillon  is  not  always  killed  in  twenty-five  minutes 
by  1  : 1,000. 

In  a  recent  series  (1891)  of  experiments  Abbott  has  shown  that  a 
1 : 1,000  solution  does  not  always  destroy  Staphylococcus  pyogenes 
aureus  in  five  minutes.  He  says:  "Frequently  all  the  organisms 
would  be  destroyed  after  five  minutes'  exposure,  but  almost  as  often 
a  certain  few  would  resist  for  that  length  of  time,  and  even  longer, 
going  in  some  cases  to  ten,  twenty,  and  even  thirty  minutes.^' 

According  to  Yersin,  a  solution  of  1 : 1,000  kills  the  tubercle  bacil- 
lus in  one  minute. 

We  might  add  considerably  to  the  experimental  data  given,  but 
the  results  already  recorded  are  sufficient  to  show  the  value  of  this 
agent  as  an  antiseptic  and  germicide,  and  justify  its  use  for  general 
purposes  of  disinfection  in  the  proportion  of  1  :  500  or  1  : 1,000  for 
material  containing  spores,   and  in  the  proportion  of  1  : 2,000   to 
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1  :  5,000  for  pathogenic  bacteria  in  the  absence  of  spores;  due  regard 
being  had  to  the  fact  that  the  presence  of  albumin  very  materially 
reduces  its  germicidal  potency,  and  that  it  may  be  decomposed  and 
neutralized  by  alkalies  and  their  carbonates,  by  hydrosulphuric  acid, 
and  by  many  other  substances. 

The  albuminate  of  mercury,  as  has  been  shown  by  Lister,  is  solu- 
ble in  an  excess  of  albumin,  and,  according  to  Behring,  is  just  as 
effective  as  an  aqueous  solution  containing  the  same  amount  of  sub- 
limate when  dissolved  in  an  albuminous  liquid  like  blood  serum  (?). 

In  practice  the  addition  of  a  mineral  acid  to  sublimate  solutions, 
or  of  sodium,  potassium,  or  ammonium  chloride,  is  to  be  recom- 
mended, to  prevent  the  precipitation  of  the  mercuric  chloride  by  al- 
bumin in  fluids  containing  it.  Behring  recommends  the  addition 
of  five  parts  of  sodium  or  potassium  chloride  to  one  of  the  subli- 
mate. Such  a  solution  is  more  stable  than  a  simple  solution  of  sub- 
limate, and  no  precipitate  is  formed  by  the  addition  of  alkalies  or  by 
albimiin. 

The  same  result  is  obtained,  according  to  La  Place,  by  the  addi- 
tion of  five  parts  of  hydrochloric  or  tartaric  acid  to  one  part  of  sub- 
limate in  aqueous  solution. 

Mercuric  Cyanide,  Hg(CN)„  and  the  Oxycyanide  of  mercury 
have  been  tested,  with  the  following  results  :  Staphylococcus  aureus 
is  destroyed  in  five  minutes  by  1  :  100,  in  one  hour  by  1  : 1,000,  in 
two  hours  by  1  : 1,500  (Chibret).  The  development  of  Bacillus  an- 
thracis  in  culture  solutions  is  prevented  by  the  presence  of  cyanide 
of  mercury  in  the  proportion  of  1  :  25,000,  and  by  the  oxycyanide  by 
1  :  16,000  (Behring). 

Boer  obtained  the  following  results  with  the  oxycyanide — cul- 
tures in  bouillon,  twenty-four  hours  in  incubating  oven,  time  of 
exposure  two  hours  : 


Anthrax  bacillus. . 
Diphtheria  bacillus 
Glanders  bacillus. . 
Typhoid  bacillus.. 
Cholera  spirillum. . 


Restrained 

development. 

▼itaUtj. 

1:80000 

1:40000 

1:80000 

1:40000 

1:00000 

1:30000 

1:60000 

1:30000 

1:90000 

1:60000 

Mercuric  Iodide. — The  antiseptic  value  of  this  salt  is  placed  by 
Miquel  at  1  :  40,000,  which  is  more  than  double  that  given  by  the 
same  author  to  the  bichloride.  In  the  writer's  experiments  upon  the 
antiseptic  value  of  salts  and  oxides  of  mercury  the  following  results 
were  obtained  : 
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ActiTe. 

Failed. 

Biniodide  of  mercury 

Bichloride 

20000 

15000 

10000 

1000 

500 

1:40000 
1  ; 20000 

Protiodide 

Yellowoxide 

Black  oxide 

1:20000 
1:2000 
1    1000 

JUorphia  Hydrochlorate. — Antiseptic  in  the  proportion  of  1  :  13 
(Miquel). 

Nickel  Sulphate. — Antiseptic  in  the  proportion  of  1  :  400  (Mi- 
quel). 

Platinum  Bichloride. — Antiseptic  in  the  proportion  of  1  : 3,333 
(Miquel). 

Potassium  Acetate, — A  saturated  solution  of  this  salt  failed  to 
kill  anthrax  spores  in  ten  days  (Koch). 

Potassium  Arsenite. — In  the  writer's  experiments  Fowler's  solu- 
tion failed  to  kill  micrococci  in  two  hours  in  the  proportion  of  four 
per  cent.  Miquel  places  the  antiseptic  value  of  potassium  arsenite 
at  1  : 8. 

Potassium  Bichromate. — A  five-per-cent  solution  failed  in  two 
days  to  destroy  anthrax  spores  (Koch).  Efficient  as  an  antiseptic  in 
the  proportion  of  1  :  909  (Miquel). 

Potassium  Bromide. — The  bacillus  of  typhoid  fever  and  the 
cholera  spirillum  fail  to  grow  in  culture  solutions  containing  9  to 
10.  C  per  cent,  and  are  killed  in  four  or  five  hours  by  ten  to  twelve 
per  cent  (Kitasato). 

Potassium  Carbonate. — The  development  of  the  typhoid  bacil- 
lus and  of  the  cholera  spirillum  is  prevented  by  0.74  to  0.81  per 
cent,  and  these  bacteria  are  killed  in  five  hours  by  1  per  cent  (Kita- 
sato). 

Potassium  Chlorate. — In  the  writer^s  experiments  a  four-per- 
cent solution  faileii  in  two  hours  to  kill  Micrococcus  Pasteuri.  A 
five-per-cent  solution  failed  in  six  days  to  destroy  anthrax  spores 
(Koch). 

Potixssium  Chromate. — A  five-per-cent  solution  failed  to  kill 
anthrax  spores  in  five  days  (Koch). 

Potassium  Cyanide. — Antiseptic  in  the  proportion  of  1  :  909 
(Miquel). 

Potassium  Iodide. — A  solution  of  five  per  cent  does  not  destroy 
anthrax  spores  in  eighty  days  (Koch).  Putrefactive  bacteria  in 
broken-down  beef  infusion  are  not  destroyed  by  two  hours'  exposure 
in  a  twenty-per-cent  solution  (Sternberg).  The  typhoid  bacillus  and 
the  cholera  spirillum  do  not  grow  in  culture  solutions  containing 
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eight  per  cent,  and  are  destroyed  by  five  hoars*  exposure  to  9.23  per       | 
cent  (Kitaaato).     Antiseptic  in  the  proportion  of  1  :  7  (Miquel). 

PotoHsium  Permanganate. — In  the  writer's  experiments  (1881) 
a  two-per-cent  solution  was  required  to  destroy  Micrococcus  Pasteuri 
in  the  blood  of  a  rabbit  In  later  experiments  pus  coed  in  bouillon 
were  killed  by  1  :  833 — ^time  of  exposure  two  hours.  One  per  cent  i 
was  foimd  by  Koch  not  to  destroy  anthrax  spores  in  two  days^  but 
five  per  cent  was  effective  in  one  day.  The  ganders  bacillus  is  de- 
stroyed in  two  minutes  by  a  one^per-cent  solution  (Loffler).  The 
experiments  of  Jager  show  that  a  one-per-cent  solution  is  not  reli- 
able for  the  destruction  of  anthrax  bacilli  and  other  pathogenic  bac- 
teria tested,  but  a  five-per-cent  solution  was  effective.  The  tubercle 
bacillus  was  not,  however,  killed  by  exposure  in  a  five-per-cent  solu- 
tion. According  to  Miquel,  permanganate  of  potash  is  an  antiseptic 
in  the  proportion  of  1  :  285. 

Quinine  Hydrobromate, — Antiseptic  in  the  proportion  of  1  :  182 
(Miquel). 

Quinine  Hydrochlorate. — Antiseptic  in  the  proportion  of  1  :  900 
(Ceri).  Quinine  dissolved  with  hydrochloric  add  destroys  anthrax 
spores  in  ten  days  in  one-per-cent  solution  (Koch). 

Quinine  Sulphate. — The  writer  found  that  in  the  proportion  of 
1  : 8(X)  quinine  prevents  the  development  of  various  micrococci  and 
bacilli  A  ten-per-cent  solution  does  not  destroy  the  bacilli  of  symp- 
tomatic anthrax  (Arloing,  Comevin,  and  Thomas). 

Silver  Nitrate. — Miquel  places  nitrate  of  silver  next  to  mercuric 
chloride  as  an  antiseptic,  effective  in  the  proportion  of  1  :  12,500. 
Behring  also  places  it  next  to  bichloride  as  an  antiseptic  and  germi- 
dde,  and  says  that  it  is  even  superior  to  this  salt  in  albuminous 
fluids.  He  reports  that  it  prevents  the  development  of  anthrax 
spores  when  present  in  a  culture  liquid  in  the  proportion  of  1 :  80,000, 
and  in  the  proportion  of  1  :  10,000  destroys  these  spores  in  forty- 
eight  hours.  We  give  below  the  result  of  recent  experiments  by 
Boer,  in  which  the  time  of  exposure  was  two  hours : 


Anthrax  bacillus.. 
Diphtheria  bacillus 
Glanders  bacillus. . 
Typhoid  bacillus. . 
Cholera  spirillum.. 


Restrains 

1:60000 

60000 

75000 

50<j00 

50000 

DOStfUTS 

▼itailty. 


1:20000 

1:2500 

1:4000 

1:4000 

1:4000 


Silver  Chloride. — A  solution  of  chloride  of  silver  in  hyposulphite 
of  soda  is  much  less  effective  as  an  antiseptic  than  nitrate  of  silver. 
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Behring  found  that  to  prevent  the  development  of  anthrax  spores  a 
solution  of  1  : 8,000  was  required. 

Sodium  Borate. — In  the  writer's  experiments  a  saturated  solu- 
tion of  horax  was  found  to  be  without  germicidal  power.  A  twenty- 
per-cent  solution  does  not  destroy  the  virus  of  symptomatic  anthrax 
(Arloing,  Comevin,  and  Thomas).  A  five-per-cent  solution  failed 
to  destroy  anthrax  spores  in  fifteen  days  (Koch).  Antiseptic  in  the 
proportion  of  1  :  14  (Miquel). 

Sodium  Carbonate, — A  solution  of  2.2  per  cent  restrains  the 
growth  of  the  typhoid  bacillus,  and  of  2.47  per  cent  of  the  cholera 
spiriUmn.  The  first-named  bacillus  is  killed  by  four  or  five  hours' 
exposure  in  a  2.47-per-cent  solution,  and  the  cholera  spirillum  by 
3.45  per  cent  (Kitasato). 

Sodium  Chloride, — ^A  saturated  solution  failed  in  forty-eight 
hours  to  destroy  the  virus  of  symptomatic  anthrax  (Arloing,  Come- 
vin, and  Thomas).  A  saturated  solution  failed  in  forty  days  to  de- 
stroy anthrax  spores  (Koch).  A  saturated  solution  failed  in  twenty 
hours  to  destroy  the  tubercle  bacillus  in  fresh  sputum  (Schill  and 
Fischer).  In  the  writer's  experiments  a  five-per-cent  solution  failed 
to  kill  Micrococcus  Pasteuri  in  blood.  Antiseptic  in  the  proportion 
of  1  : 6  (Miquel).  According  to  Forster,  the  bacillus  of  typhoid 
fever,  the  bacillus  of  rouget,  and  the  streptococcus  of  pus  are  not 
killed  by  several  weeks*  exposure  in  strong  solutions  of  sodium  chlo- 
ride, but  the  cholera  spirillum  is  destroyed  in  a  few  hours.  Cultures 
of  the  tubercle  bacillus  are  not  sterilized  in  two  months  by  a  satu- 
rated solution ;  and  tuberculous  organs  from  an  ox,  preserved  in  a 
solution  of  salt,  did  not  lose  their  power  of  infecting  susceptible  ani- 
mals inoculated  with  material  from  the  diseased  tissue.  The  flesh 
of  swine  which  died  of  rothlauf  was  found  by  Petri  to  still  contain 
the  bacillus  in  a  living  condition  after  having  been  preserved  in 
brine  for  a  month. 

Sodium  Hyposulphite.^^In  the  writer's  experiments  a  saturated 
solution  failed  in  two  hours  to  kill  micrococci  and  bacilli.  Exposure 
for  forty-eight  hours  to  a  fifty-per-cant  solution  does  not  destroy  the 
virus  of  symptomatic  anthrax  (Arloing,  Comevin,  and  Thomas). 
Antiseptic  in  the  proportion  of  1 : 3  (Miquel). 

Sodium  Sulphite. — The  results  with  a  saturated  solution  of  this 
salt  were,  in  the  writer's  experiments,  entirely  negative. 

Tin  Chloride. — A  one-per-cent  solution  acting  for  two  hours  de- 
stroyed the  bacteria  in  putrefying  bouillon,  while  0.8  per  cent  failed 
(Abbott). 

Zinc  Chloride. — In  the  writer's  experiments  1  :200  destroyed 
Micrococcus  Pasteuri  in  two  hours,  but  a  two-per-cent  solution  was  re- 
quired to  kill  pus  cocci  in  the  same  time ;  spores  of  Bacillus  anthracis 
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were  not  destroyed  by  two  hours'  exposure  in  a  ten-per-cent  solution, 
but  a  solution  of  five  per  cent  killed  the  spores  of  Bacillus  subtilis  in 
the  same  time.  Koch  found  that  anthrax  spores  germinated  after 
being  immersed  in  a  five-per-cent  solution  for  thirty  days.  The  de- 
velopment of  Bacillus  prodigiosus  is  only  sUghtly  retarded  by  expo- 
sure for  sixteen  hours  in  a  one-per-cent  solution.  Antiseptic  in  the 
proportion  of  1  :  526  (Miquel). 

Zinc  Sulphate, — In  the  writer's  first  experiments  a  twenty-per- 
cent solution  failed  to  destroy  in  two  hours  micrococci  obtained  from 
the  pus  of  an  acute  abscess.  In  later  experiments  a  micrococcus  from 
the  same  source  resisted  two  hours'  exposure  to  a  ten-per-cent  solu- 
tion, but  Micrococcus  tetragenus  was  destroyed  by  this  amount. 
Broken-down  beef  infusion  mixed  with  an  equal  quantity  of  a  forty- 
per-cent  solution  was  not  sterilized  after  two  hours'  contact.  In 
Koch's  experiments  anthrax  spores  were  found  to  germinate  after 
having  been  immersed  for  ten  days  in  a  five-per-cent  solution. 
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ACTION  OF  COAL-TAR  PRODUCTS,  ESSENTIAL 
OILS,   ETC. 

In  the  present  section  we  shall  consider  the  action  upon  bacteria 
of  a  variety  of  organic  products,  and  for  convenience  will  arrange 
them  alphabetically. 

Acetone. — Anthrax  spores  grow  freely  after  two  days*  exposure 
to  the  action  of  this  agent;  at  the  end  of  five  days  their  development 
is  feeble  (Koch). 

Alcohol. — In  the  writer^s  experiments  ninety-five-per-cent  alco- 
hol did  not  destroy  the  bacteria  (spores)  in  broken-down  beef  tea  in 
forty-eight  hours.  Micrococcus  Pasteuri  was  destroyed  by  two  hours' 
exposure  in  a  twenty-four-per-cent  solution  ;  pus  cocci  required  a 
forty-per-cent  solution.  Koch  found  that  absolute  alcohol  had  no 
efifect  upon  anthrax  spores  exposed  to  its  action  for  one  hundred  and 
ten  days.  Schill  and  Fischer  found  that  when  tuberculous  sputum 
was  mixed  vrith  an  equal  amoimt  of  absolute  alcohol  its  infecting 
power  was  not  destroyed  in  twenty-four  hours,  but  that  in  the  pro- 
portion of  five  parts  to  one  of  sputum  it  was  effective  in  destroying 
the  tubercle  bacillus,  as  proved  by  inoculation  experiments.  Yersin 
found  that  in  pure  cultures  the  tubercle  bacillus  is  killed  by  five 
minutes'  exix)8ure  to  the  action  of  absolute  alcohol. 

Aniline  Dyes. — Recent  researches  have  shown  that  some  of  the 
aniline  colors  possess  very  decided  germicidal  power.  Stilling  found 
that  solutions  of  methyl  violet  containing  1 :  30,000  exercise  a  re- 
stndning  influence  upon  the  development  of  putrefactive  bacteria 
and  pus  cocci,  and  that  these  microorganisms  are  destroyed  by  solu- 
tions containing  1  : 2,000  to  1  : 1,000.  Methyl  violet  has  been  placed 
in  the  market  by  Merck  under  the  name  of  pyoktanin.  Janicke  re- 
ports the  following  residts  with  pyoktanin  :  Staphylococcus  pyogenes 
aureus  was  restrained  in  its  development  by  solutions  containing 
1 : 2,000,000,  Bacillus  anthracis  by  1 : 1,000,000,  Staphylococcus  pyo- 
genes by  1 :  333,300,  Spirillum  cholerae  Asiaticae  by  1  :  62,500,  Bacil- 
lus typhi  abdominalis  by  1 : 5,000.  In  blood  serum  stronger  solutions 
were  required  (1 :  500,000  for  Staphylococcus  pyogenes  aureus).  Sta- 
phylococcus pyogenes  aureus,  Streptococcus  pyogenes,  and  Bacillus 
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anthracis  were  killed  in  thirty  seconds  by  1  : 1,000,  the  typhoid  bacil- 
lus by  the  same  amount  in  thirty  minutes.  Boer  found  malachite 
green  to  be  still  more  effective  than  methyl  violet.  In  his  experi- 
ments upon  bouillon  cultures  twenty-four  hours  old,  with  two  hours' 
exposure  to  the  action  of  the  disinfectant,  he  obtained  the  following 
results: 

MALACHrrS  GREEN. 


Anthrax  bacillus 1 

Diphtheria  bacillua  ■  I 

Olanden  bacillus <  1 

Typhoid  bacillus     1 
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KBTHTL  VIOLET   (PYOKTAXIX). 
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Aniline  OiL — According  to  Riedlin,  the  addition  of  1 : 5  of  ani- 
line water  prevents  the  development  of  all  bacteria  in  nutrient  gelatin. 

Aromatic  Products  of  Decomposition. — Elein  has  tested  the 
germicidal  power  of  phenylpropionic  and  phenylacetic  acids«  He 
finds  that  anthrax  spores  resist  both  of  these  acids,  in  the  proportion 
of  1 :  400,  for  two  days,  but  in  the  absence  of  spores  anthrax  baciUi 
are  quickly  killed  by  a  solution  of  this  strength.  Certain  non-patho- 
genic micrococci  were  not  killed  by  exposure  for  twenty-five  minutes 
to  1 :  200.  The  caseous  matter  of  pulmonary  tuberculosis  infected 
guinea-pigs  after  exposure  for  ninety-six  hours  to  1 :  200. 

Aseptol. — A  ten-per-cent  aqueous  solution  kills  anthrax  spK>ree  in 
ten  minutes,  and  a  three-  to  five-per-cent  solution  is  a  reliable  disin- 
fectant in  the  absence  of  spores  (Hueppe). 

Benzene,  C,H,. — Exposure  in  benzol  for  twenty  days  failed  to 
destroy  the  vitality  of  anthrax  spores  (Koch). 

Camphor. — Alcohol  saturated  with  camphor  has  no  effect  upon 
the  virus  of  symptomatic  anthrax  ( Arloing,  Cornevin,  and  Thomas) 

The  experiments  of  Cadeac  and  Meunier  show  that  camphor  (oil 
of,  or  tincture  ?)  has  but  little  germicidal  power.     The  typhoid  ba- 
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cuius  and  cholera  spirillum  were  only  destroyed  after  eight  to  ten 
days'  exposure  to  the  action  of  camphor  ("essence'')- 

Carbolic  Acid. — Tested  upon  anthrax  spores,  Koch  found  a  one- 
per-oent  solution  to  be  without  effect  after  fifteen  days'  exposure  ;  a 
two-per-cent  solution  retarded  development  but  did  not  completely 
destroy  vitality  in  seven  days  ;  a  three-per-cent  solution  was  effec- 
tive in  two  days.  In  the  absence  of  spores  Koch  f oimd  that  a  one- 
per-cent  solution  quickly  destroys  the  vitality  of  anthrax  bacilli 
He  recommends  a  five-per-cent  solution  for  the  destruction  of  the 
"comma  bacillus"  in  the  discharges  of  cholera  patients,  and  a  two- 
I)er-cent  solution  for  the  disinfection  of  surfaces  soiled  with  such  dis- 
charges. In  the  writer's  experiments  1 :  200  destroyed  Micrococcus 
Pasteuri  in  two  hours ;  and  pus  cocci  were  destroyed  by  1 :  125,  while 
1 :  200  failed.  Davaine  showed  by  inoculation  experiments  that  an- 
thrax bacilU  in  fresh  blood  are  destroyed  by  being  exposed  to  the 
action  of  a  one-per-cent  solution  for  one  hour.  A  two-per-cent  solu- 
tion destroys  the  dried  virus  of  symptomatic  anthrax  in  forty-eight 
hours  (Arloing,  Comevin,  and  Thomas).  Solutions  in  oil  or  in  alco- 
hol have  been  shown  by  Koch  to  be  less  effective  than  aqueous  solu- 
tions. Thus  a  five-per-cent  solution  in  oil  failed  to  destroy  anthrax 
spores  in  one  hundred  and  ten  days,  and  the  same  solution  failed  to 
Idll  the  bacilU,  in  the  absence  of  spores,  in  less  than  six  days.  A 
five-per-cent  solution  in  alcohol  did  not  destroy  anthrax  spores  in 
seventy  days.  SchiU  and  Fischer  found  that  a  three-per-cent  solu- 
tion destroyed  the  infecting  power  of  tuberculous  sputum,  as  shown 
by  inoculation  into  guinea-pigs,  in  twenty-four  hours,  while  solutions 
of  one  and  two  per  cent  failed.  Bolton's  experiments  gave  the  fol- 
lowing results,  the  test  organisms  being  in  fresh  bouillon  cultures 
and  the  time  of  exposure  two  hours  :  The  cholera  spirillum,  the 
bacillus  of  typhoid  fever,  the  bacillus  of  schweinerothlauf ,  Brieger's 
bacillus,  the  bacillus  of  green  pus,  and  the  pus  cocci  (Staphylococcus 
pyogenes  aureus,  albus,  and  citreus,  and  Streptococcus  pyogenes) 
were  all  killed  by  a  solution  of  one  per  cent,  while  in  a  majority  of 
the  experiments  a  one-half -per-cent  (1  :  200)  solution  failed.  Cul- 
tures of  the  tjrphoid  bacillus  in  flesh-peptone-gelatin  gave  the  same 
result  (1  :  100  with  two  hours'  exposure),  and  the  addition  of  ten  per 
cent  of  dried  egg  albumin  to  bouillon  cultures  did  not  influence  the 
result. 

The  experiments  of  La  Place  show  that  the  addition  of  hydro- 
chloric acid  to  a  disinfecting  solution  containing  carbolic  acid  greatly 
increases  its  germicidal  power  for  spores.  Thus  it  is  stated  that 
"  two  per  cent  of  crude  carboUc  acid  with  one  per  cent  of  pure  hydro- 
chloric acid  destroyed  anthrax  spores  in  seven  days,  while  two  per 
cent  of  carbolic  acid  or  one  per  cent  of  hydrochloric  acid  alone  did 
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not  destroy  these  spores  in  thirty  days.  A  f oor-per-cent  solution  of 
crude  carbolic  acid  with  two  per  cent  of  hydrochloric  acid  destroyed 
spores  in  lees  than  an  hoar ;  f  oar  per  cent  of  carbolic  acid  alone  did 
not  destroy  them  in  twelve  days.  Van  Elrmengem  reports  that  in 
his  experiments  the  cholera  spiriUam  in  chicken  booQlon  was  killed 
in  less  than  half  an  hoar  by  1  :  600,  and  that  in  blood  serum  1  :  400 
was  effective.  Nicati  and  Rietsch  fix  the  germicidal  power  for  the 
cholera  spirillum  as  1  :  200,  the  time  of  exposure  bemg  ten  minutes ; 
Ramon  and  Cajal,  1 :  50.  Boer  g^ves  the  following  results,  the  time 
of  exposure  being  two  hours,  cultures  in  bouillon  twenty-four  hours 
old: 


Anthmz  bacillus 1:750 

Diphtheria  badllus 1:500 

Glanders  bacilluB 1:500 

Typhoid  bacillus 1 :  400 

Cholera  spirillum 1:600 
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Leitz  reports  the  following  results  :  The  dejections  of  patients 
suffering  from  typhoid  fever,  mixed  in  equal  quantity  with  the  disin- 
fecting solution,  were  sterilized  by  a  five-per-cent  solution  of  car- 
bolic acid  in  three  days.  Pure  cultures  of  the  typhoid  bacillus  were 
sterilized  in  fifteen  minutes  by  a  five-per-cent  solution. 

In  the  experiments  of  Nocht  upon  anthrax  spores  it  was  found 
that  while  at  the  room  temperature  these  spores  were  not  destroyed 
by  several  days'  exposure  in  a  five-per-cent  solution,  they  were  de- 
stroyed in  three  hours  by  the  same  solution  at  a  temperature  of  37.5^. 

Carbolic  acid  prevents  putrefactive  changes  in  bouillon  when  pre- 
sent in  the  proportion  of  1  :  333  (Miquel).  The  tubercle  bacillus  is 
killed  in  thirty  seconds  by  a  five-per-cent  solution,  and  in  one  minute 
by  a  one-per-cent  solution  (Yersin). 

Coffee  Infusion. — Experiments  have  been  made  by  Heim  and  by 
Liideritz  on  the  antiseptic  power  of  an  infusion  of  coffee.  The  first- 
named  author  found  that  anthrax  bacilli  no  longer  developed  after 
three  hours'  exposure  in  a  ten-per-cent  solution,  but  spores  were  not 
killed  at  the  end  of  a  week.  Streptococci  in  a  bouillon  culture  re- 
quired twenty-four  hours'  exposure,  and  the  staphylococci  of  pus  were 
not  destroyed  in  this  time.  Liideritz  foimd  that  a  three-per-cent  in- 
fusion restrained  the  growth  in  nutrient  gelatin  of  the  typhoid  ba- 
cillus, and  a  five-per-cent  infusion  killed  the  bacillus  in  two  days  ; 
the  cholera  spirillimi  failed  to  grow  in  presence  of  one  per  cent,  and 
a  solution  of  this  strength  Irilled  it  in  seven  hours  ;  Staphylococcus 
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pyogenes  aureus  was  prevented  from  developing  by  two  per  cent^ 
and  was  killed  in  six  days  by  a  five-per-cent  solution ;  Streptococcus 
pyogenes  was  prevented  from  growing  by  one  per  cent,  and  killed  by 
a  ten-per-cent  solution  in  one  day  ;  Proteus  vulgaris  did  not  grow  in 
presence  of  2.5  per  cent,  and  was  killed  in^two  days  by  ten  per  cent. 
The  question  as  to  what  constituent  of  the  infusion  of  roasted  coflfee 
was  the  active  germicidal  agent  was  not  determined,  but  the  authors 
referred  to  agree  that  it  was  not  caffeine. 

Creolin. — This  is  a  coal-tar  product  which  resembles  crude  carbohc 
acid  in  appearance,  but  smells  rather  hke  tar  than  hke  phenol.  It 
makes  a  milky  emulsion  with  water,  which  has  been  proved  by  nu- 
merous experiments  to  possess  very  decided  germicidal  power,  being 
superior  to  carbohc  acid.  The  first  careful  test  of  the  germicidal 
power  of  this  agent  was  made  by  Esmarch,  who  found  that  a  solu- 
tion of  1 :  200  killed  the  cholera  spirillum  in  a  minute,  the  typhoid 
bacillus  at  the  end  of  several  days.  Anthrax  spores  were  not  de- 
stroyed in  twenty  days  by  a  five-per-cent  solution,  but  this  solution 
killed  the  tubercle,  bacillus  attached  to  silk  threads  which  were  im- 
mersed in  it  for  a  short  time,  and  also  disinfected  tuberculous  sputum. 
Behring  has  shown  that  in  albuminous  Uquids  creolin  is  less  etf ective 
than  carbohc  acid.  In  blood  serum  1 :  175  was  required  to  restrain 
the  development  of  staphylococci,  and  1 :  100  to  destroy  the  same  in 
ten  minutes.  Van  Ermengem,  as  a  result  of  numerous  experiments, 
arrived  at  the  conclusion  that  creoUn  is  a  cheap  and  useful  disinfect- 
ing agent,  in  a  five-per-cent  solution,  for  various  pathogenic  organ- 
isms. Kaupe  reports  that  in  his  experiments  a  ten-per-cent  solution 
killed  anthrax  spores  in  twenty-four  hours.  According  to  Boer,  a 
solution  of  1 : 5,000  destroys  anthrax  baciUi  in  bouillon  cultures  in 
two  hours,  1 : 2,000  diphtheria  bacilh,  1 :  300  the  glanders  bacillus, 
1 :  250  the  typhoid  bacillus,  and  1 : 3,000  the  cholera  spirillum. 

Creosote. — ^This  agent  was  found  by  the  writer  to  be  fatal  to 
micrococci  in  the  proportion  of  1 :  200.  In  the  proportion  of  one  per 
cent  it  failed,  after  twenty  hours'  exposure,  to  destroy  tubercle  ba- 
cilli in  sputum  (Schill  and  Fischer).  A  saturated  aqueous  solution 
does  not  destroy  the  tubercle  bacillus  in  cultures  in  twelve  hours 
(Yerain).  Guttman,  in  extended  experiments  upon  various  patho- 
genic organisms,  found  that  development  was  prevented  by  1 : 3,000 
to  1 : 4,000.  A  solution  containing  1 :  300  killed  Bacillus  pyocyanus 
and  Bacillus  anthracis  in  one  minute.  Bacillus  prodigiosus  in  two 
minutes,  and  the  Pinkler-Prior  spirillum  in  one  minute  in  the  pro- 
]X)rtion  of  1 :  600. 

CresoL — This  is  a  dark,  reddish-brown,  transparent  fluid,  some- 
what thinner  than  creolin,  and,  Uke  it,  having  an  odor  of  tar.     It 
forms  an  emulsion  with  water,  which  is  not  so  stable  as  that  formed 
18 
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by  creolin.  Of  the  three  cresols,  ortho-,  meta-,  and  paracresol,  the 
second  was  found  by  Frankel  to  be  most  active.  This  author  states 
that  the  addition  of  sulphuric  acid  adds  greatly  to  its  germicidal 
power.  A  four-per-cent  solution,  containing  equal  parts  of  cresol 
and  H,SO^,  killed  anthrax  spores  in  less  than  twenty-four  hours.  In 
Behring's  experiments  a  solution  containing  ten  per  cent  of  each  killed 
anthrax  spores  in  eighty  minutes,  and  five  per  cent  of  each  in  one 
himdred  minutes,  while  an  eighteen-per-cent  solution  of  sulphuric 
acid  alone  did  not  kill  them  in  twenty  four  hours.  In  the  experi- 
ments of  Jager  a  two-percent  solution  destroyed  the  tubercle  bacillus 
in  cultures  and  in  sputum.  As  a  result  of  his  experiments  Behring 
concludes  that  cresol  has  no  advantage  over  carbolic  acid  as  a  ger- 
micide for  the  destruction  of  spores.  Tested  upon  Staphylococcus 
aureus,  Streptococcus  erysipelatos,  and  Bacillus  pyocyanus,  Frankel 
found  that  a  solution«of  0.3  per  cent  destroyed  these  microorganisms 
in  five  minutes,  while  a  two-per-cent  solution  of  carbolic  acid  re- 
quired fifteen  minutes'  contact  to  accomplish  the  same  result. 

Disinfektol, — This  is  a  coal-tar  product  similar  to  creolin  which 
has  been  recommended  in  Germany  for  disinfecting  purposes.  It  is 
an  oily,  dark-brown  fluid  having  a  specific  gravity  of  1.086.  It  forms 
an  emulsion  with  water,  which  has  a  slightly  alkaline  reaction.  It 
has  been  tested  upon  typhoid  stools  by  Uflfelmann  and  by  Beselin. 
The  last-named  authoi  gives  the  following  summary  of  the  results 
obtained  :  An  emulsion  of  five  per  cent  of  disinfektol  equals  in  value, 
for  the  disinfection  of  the  liquid  discharges  of  typhoid  patients,  12.5 
per  cent  of  creolin,  thirty-three  per  Cent  of  hydrochloric  acid,  five  per 
cent  of  carbolic  acid,  1 :  500  of  mercuric  chloride. 

Ether. — Anthrax  spores  may  germinate  after  being  immersed  in 
sulphuric  ether  for  eight  days  (Koch).  The  tubercle  bacillus  is  de- 
stroyed by  ten  minutes'  exposure  to  the  action  of  ether  (Yersin). 

Essential  Oils, — Chamberlain  has  made  an  extended  series  of 
experiments  to  determine  the  antiseptic  power  of  the  vapor  of  vola- 
tile oils.  A  large  number  of  essential  oils  tested  were  found  to  pre- 
vent the  development  of  the  anthrax  bacillus,  while  a  few  did  not. 
At  the  end  of  six  days  the  tubes  were  opened  and  the  oil  absorbed  by 
the  culture  hquid  allowed  to  evaporate.  Cidtures  were  now  obtained 
from  all  except  the  following,  which,  it  was  inferred,  had  destroyed 
the  vitality  of  the  spores  :  Angelica,  cinnamon  of  China,  cinnamon 
of  Ceylon,  geranium  of  France,  geranium  of  Algeria,  origanum. 

Cadeac  and  Meunier  have  also  made  extended  experiments  upon 
the  typhoid  bacillus  and  the  bacillus  of  glanders,  for  the  purpose  of 
determining  the  germicidal  power  of  agents  of  this  class.  Their 
method  consisted  in  the  introduction  of  a  sterilized  platinum  needle 
into  a  pure  culture  of  the  test  organism,   in  immersing  it  in  the 
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essential  oil  for  a  certain  time,  and  then  making  with  it  a  puncture 
in  a  suitable  solid  culture  medium.  Their  results  are  given  below 
for  the  typhoid  bacillus. 

the  bacillus  after  a  contact  of  less  than 
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Cinnamon  of  Ceylon, 
Cloves, 
Eogenol,    . 
Thyme, 
Wfld  thyme. 
Verbena  of  India, 
(jeranium  of  France, 
Origanum, 
Patchouly, 
Zedoarr, 
Absinthe,  . 
Sandalwood,    . 


The  following  were  effective  in  from  twenty-four  to  forty-eight 
hours:  Cumin,  caraway,  juniper,  matico,  galbanum,  valerian,  citron, 
angeUca,  celery,  savin,  copaiba,  pepper,  turpentine,  opoponax,  rose, 
chamomile  ;  the  following  required  from  two  to  four  days:  lUicium, 
sassafras,  tuberose,  coriander;  the  following  from  four  to  eight  days: 
Calamus,  sage,  fennel,  mace,  cascarilla,  orange  of  Portugal;  the  fol- 
lowing in  eight  to  ten  days  :  Mint,  nutmeg,  rosemary,  carrot,  mus- 
tard, anise,  onion,  marjoram,  bitter  almonds,  cherry  laurel,  myrtle, 
lavender,  eucalyptus,  cedar,  cajuput,  wintergreen,  camphor. 

Riedlin  reports  as  the  result  of  his  experiments  that  the  essential 
oils  which  have  the  greatest  antiseptic  value  are  oil  of  lavender,  eu- 
calyptus, rosemary,  and  cloves. 

EucalyptoL — Chabaunes  and  Perret  found  that  a  five-per-cent 
solution  of  eucalyptol  is  without  effect  upon  tubercle  bacilU  in  spu- 
tum. According  to  Behring,  eucalyptol  is  about  four  times  less  ac- 
tive as  a  disinfectant  than  carbolic  acid. 

Glycerin  has  no  action  upon  the  virus  of  symptomatic  anthrax 
(Arloing,  Comevin,  and  Thomas),  and  is  inert  as  regards  the  spores 
of  anthrax  (Koch).  Glycerin  prevents  putrefactive  decomposition  in 
bouillon  when  present  in  the  proportion  of  1: 4  (Miquel).  Roux  has 
shown  that  the  addition  of  five  per  cent  of  glycerin  to  a  culture 
medium  is  favorable  to  the  growth  of  the  tubercle  bacillus ;  it  is  also 
appropriated  as  pabulum  by  various  other  species. 

Hydroxylamin, — Heinisch  found  that  the  development  of  the 
anthrax  bacillus  is  prevented  by  1:77  of  hydroxylamin  hydro- 
chlorate,  and  of  the  diphtheria  bacillus  by  1 :  75.  In  these  experi- 
ments a  solution  of  soda  was  added  to  release  the  hydroxylamin. 
Marpmann  found  that  1: 100  preserved  milk  without  change  for  four 
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to  six  weeks,  and  that  alkaline  fermentation  of  urine  was  prevented 
by  1:1,000. 

IndoL — When  added  in  excess  to  water  this  agent  failed  to  de- 
stroy anthrax  spores  in  eighty  days  (Koch). 

Lanolin. — According  to  Gottstein,  various  microorganisms  tested 
by  him  failed  to  grow  in  cultures  after  having  been  in  contact  ^vith 
pure  lanolin  for  five  to  seven  days. 

Naphthol. — In  the  proportion  of  1 :  10,000  naphthol  prevents  the 
development  of  the  glanders  bacillus,  the  anthrax  bacillus,  the  ty- 
phoid bacillus,  the  micrococcus  of  fowl  cholera,  of  Staphylococcus 
aureus  and  albus,  and  of  several  other  microorganisms  tested  by 
Maximovitch.  The  same  author  states  that  although  insoluble  iu 
cold  water,  water  at  70°  C.  dissolves  0.44  in  one  thousand  parts. 
When  urine  is  shaken  up  with  naphthol  in  powder  it  does  not  undergo 
fermentation. 

In  the  experiments  of  Foote  hydronaphthol  was  found  to  show 
some  germicidal  power  in  the  proportion  of  1 : 2,300,  but  the  conclusion 
is  reached  that  a  saturated  aqueous  solution  (1: 1,150)  does  not  equal 
a  one-per-cent  solution  of  carboUc  acid  or  of  creolin. 

Olive  Oil. — Anthrax  spores  germinate  after  having  been  im- 
mersed for  ninety  days  in  pure  olive  oil  (Koch). 

Oil  of  Mustard, — Koch  found  that  the  development  of  anthrax 
spores  is  prevented  by  1: 33,000. 

Oil  of  Peppermint. — A  five-per-cent  solution  in  alcohol  failed  in 
twelve  days  to  destroy  anthrax  spores,  but  the  development  of  these 
spores  is  restrained  by  1: 33,000  (Koch). 

Oil  of  Turpentine  destroys  anthrax  spores  in  five  days,  but  failed 
to  do  so  in  one  day  (Koch).  The  development  of  anthrax  spores  is 
prevented  by  1:75,000  (Koch).  The  addition  of  1:200  to  nutrient 
gelatin  prevents  the  development  of  bacteria  (RiedHn).  An  excess 
of  oil  of  turpentine  added  to  a  liquefied  gelatin  cidture  of  Staphylo- 
coccus aureus  does  not  destroy  this  micrococcus  in  five  hours  (v. 
Christmas-Dirckinck-Holmfeld). 

Skatol  in  excess  in  water  has  no  germicidal  power,  as  tested  upon 
anthrax  spores  (Koch). 

Smoke. — The  researches  of  Beu  show  that  meats  which  have 
been  preserved  by  smoking  commonly  contain  Uving  bacteria  cap- 
able of  growing  in  cidture]  media ;  and  Petri  has  shown  that  pork 
which  has  been  salted  for  a  month  and  then  smoked  for  fourteen 
days  may  still  contain  the  bacillus  of  rothlauf  in  a  living  condition, 
as  shown  by  inoculation  experiments.  It  was  not  until  about 
six  months  after  smoking  that  the  bacillus  failed  to  give  evidence 
of  vitaUty. 

Thymol. — A  five-per-cent  solution  in  alcohol  does  not  destroy 
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anthrax  spores  in  fifteen  days,  but  the  development  of  these  spores 
is  retarded  by  a  solution  of  1  :  80,000  (Koch).  The  anthrax  bacilluB 
and  staphylococci  fail  to  grow  in  cidture  media  containing  1  : 3,000 
(Samter).  The  tubercle  bacillus  is  destroyed  by  contact  with  thy- 
mol for  three  hours  (Yersin).  Thymol  has  about  four  times  less 
germicidal  power  than  carbolic  acid  (Behring).  Antiseptic  in  the 
proportion  of  1 : 1,340  (Miquel). 

Tolxicco  Smoke. — Tassinari  found  that  tobacco  smoke  restrains 
the  development  of  bacteria,  and  that  certain  species  failed  to  de- 
velop after  exposure  for  half  an  hour  in  an  atmosphere  of  tobacco 
smoke — spirillmn  of  cholera  and  Friedlander^s  bacillus. 
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XII. 

ACTION  OF  BLOOD  SERUM  AND  OTHER  ORGANK 

LIQUIDS. 

Blood  Serum. — Bacteriologists  have  long  been  aware  of  the  f 
that  many  species  of  bacteria,  when  injected  into  the  circulation  o 
Uving  animal,  soon  disappear  from  the  blood,  and  that  the  blood 
such  an  animal  a  few  hours  after  an  injection  of  putrefactive  bac 
ria,  for  example,  does  not  contain  Uving  bacteria  capable  of  devel 
ing  in  a  suitable  nutrient  mediimi,  Wyssokowitsch,  in  an  extent 
series  of  experiments,  has  shown  that  non-pathogenic  bacteria 
jected  into  the  circulation  may  be  obtained  in  cultures  from  the  Ut? 
spleen,  kidneys,  and  bone  marrow  after  they  have  disappeared  f r 
the  blood,  buti  that,  as  a  rule,  those  present  in  these  organs  have  1 
their  vitality,  as  shown  by  culture  experiments,  in  a  period  vary 
from  a  few  hours  to  two  or  three  days.  According  to  the  theory 
Metschnikoff ,  this  destruction  of  bacteria  in  the  blood  and  tissues  g 
living  animal  is  effected  by  the  cellular  elements,  and  especially 
the  leucocytes,  which  pick  up  and  digest  these  vegetable  cells  v< 
much  as  an  amoeba  disposes  of  similar  microorganisms  which  sei 
it  as  food.  Some  such  theory  seemed  necessary  to  account  for 
disappearance  of  bacteria  from  the  blood  before  the  demonstrat 
was  made  that  the  serum  of  the  circulating  fluid,  quite  indep 
dently  of  its  cellular  elements,  possesses  very  decided  germici 
power. 

Von  Fodor  first  (1887)  called  attention  to  the  fact  that  anthrax 
cilli  may  be  destroyed  by  freshly  drawn  blood  ;  and  Nuttall  (188 
in  an  extended  series  of  experiments,  showed  that  various  bact€ 
are  destroyed  within  a  short  time  by  the  fresh  blood  of  wai 
blooded  animals.  Thus  the  anthrax  bacillus  in  rabbit's  blood  ^ 
usually  killed  in  from  two  to  four  hours  when  the  temperature  -^ 
maintained  at  37°-38°  C,  and  the  same  result  was  obtained  vs 
pigeon's  blood  at  41°  C.  But  when  the  blood  was  allowed  to  sU 
for  a  considerable  time,  or  was  heated  for  forty-five  minutes 
45°  C,  it  served  as  a  culture  fiuid,  and  an  abundant  developmem 
anthrax  bacilU  occurred  in  it.     Bacillus  subtilis  and  Bacillus  me 
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therium  were  also  destroyed  in  two  hours  by  fresh  rabbit's  blood, 
but  it  was  without  action  on  Staphylococcus  pyogenes  aureus,  which 
at  a  temperature  of  37.5^  C.  was  found  to  have  increased  in  num- 
bers at  the  end  of  two  hours.  Further  researches  by  Nissen  and 
Behring  show  that  there  is  a  wide  difference  in  the  blood  of  dif- 
ferent animals  as  to  germicidal  power,  and  that  certain  bacteria 
are  promptly  destroyed,  while  other  species  are  simply  restrained  for 
a  time  in  their  development  or  are  not  affected.  Thus  Nissen  f oimd 
that  the  cholera  spirillum,  the  bacillus  of  anthrax,  the  bacillus  of 
typhoid  fever,  and  Friedlander's  pneumococcus  were  killed,  while 
Staphylococcus  pyogenes  aureus  and  albus,  the  streptococcus  of  ery- 
sipelas, the  bacillus  of  fowl  cholera,  the  bacillus  of  rothlauf ,  and 
Proteus  hominis  were  able  to  multiply  in  rabbit's  blood  after  having 
been  restrained  for  a  short  time  in  their  development.  In  the  case 
of  the  cholera  spirillum  a  period  of  ten  to  forty  minutes  sufficed  for 
the  complete  destruction  of  a  Umited  number,  but  when  the  number 
exceeded  1,200,000  per  cubic  centimetre  they  were  no  longer  de- 
stroyed with  certainty,  and  after  five  hours  an  increase  occurred. 
The  anthrax  bacillus  was  commonly  destroyed  within  twenty  minutes 
and  the  typhoid  bacillus  at  the  end  of  two  hours.  In  the  experi- 
ments of  Behring  and  Nissen  it  was  found  that  the  most  pronounced 
germicidal  effect  upon  the  anthrax  bacillus  was  obtained  from  the 
blood  of  the  rat,  an  animal  which  has  a  natural  immunity  against 
anthrax ;  while  the  blood  of  the  guinea-pig,  a  very  susceptible  ani- 
mal, had  no  restraining  effect  and  served  as  a  favorable  culture 
medium  for  the  anthrax  bacillus.  And  the  remarkable  fact  was  de- 
monstrated that  when  the  blood  of  a  rat  was  added  to  the  blood  of 
the  guinea-pig  in  the  proportion  of  1:8,  it  exercised  a  decided  re- 
straining influence  upon  the  growth  of  the  anthrax  bacillus.  Later 
researches  have  shown  that  cultivation  in  the  blood  of  an  immune 
animal  causes  an  attenuation  of  the  virulence  of  an  anthrax  cul- 
ture (Ogata  and  Jasuhara) ;  and  also  that  the  injection  of  the  blood 
of  a  frog  or  rat — ^naturally  immune — ^into  a  susceptible  animal  which 
has  been  inoculated  with  a  virulent  culture  of  the  anthrax  bacillus, 
will  prevent  the  death  of  the  inoculated  animal. 

Buchner  has  shown  that  the  germicidal  power  of  the  blood  of 
dogs  and  rabbits  does  not  depend  upon  the  presence  of  the  cellular 
elements,  but  is  present  in  clear  serum  which  has  been  allowed  to 
separate  from  the  clot  in  a  cool  place.  Exposure  for  an  hour  to  a 
temperature  of  55^  C.  destroys  the  germicidal  action  of  serum  as 
well  as  of  blood  ;  the  same  effect  is  produced  by  heating  to  62°  C.  for 
six  hours  or  to  45. 6**  C.  for  twenty  hours.  The  germicidal  power 
of  blood  serum  is  not  destroyed  by  freezing  and  thawing,  but  is 
lost  after  it  has  been  kept  for  some  time.    Buchner's  experiments  led 
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him  to  the  conclusion  that  the  germicidal  power  of  fresh  blood 
serum  depends  upon  the  presence  of  some  albuminous  body  present 
in  it.  This  view  is  sustained  by  the  researches  of  Ogata,  who  has 
obtained  from  the  blood  of  dogs  and  other  animals  a  glycerin  ex- 
tract of  a  "  ferment "  which  is  insoluble  in  alcohol  or  in  ether  and 
which  has  germicidal  properties. 

It  has  been  demonstrated  by  several  experimenters  that  other 
albuminous  fluids  possess  a  similar  germicidal  power.  Thus  Nuttall 
found  that  a  pleuritic  exudation  from  man  destroyed  the  anthrax 
bacillus  in  an  hour,  the  aqueous  humor  of  a  rabbit  in  two  hours 
Wurz  has  experimented  with  fresh  egg  albumin,  and  foimd  that  the 
anthrax  baciUus  failed  to  grow  after  having  been  exposed  for  an  hour 
to  the  action  of  albumin  from  a  hen's  egg ;  other  bacteria  tested 
were  not  killed  so  promptly,  but  a  decided  germicidal  action  was 
manifested.  Prudden  has  shown  that  the  albuminous  fluid  obtained 
from  a  hydrocele,  or  from  the  abdominal  cavity  in  ascites,  possesses 
similar  germicidal  power ;  and  Fokker  has  demonstrated  that  fresh 
milk  destroys  the  vitality  of  certain  bacteria  which  induce  an  acid 
fermentation  of  this  fluid. 

The  results  heretofore  referred  to  induced  Hankin  to  experiment 
with  cell  globulin  obtained  from  the  spleen  or  lymphatic  glands  of  a 
dog  or  cat.  This  is  extracted  by  means  of  a  solution  of  chloride  of 
sodium,  the  solution  is  filtered,  and  the  globulin  precipitated  by  the 
addition  of  alcohol.  The  precipitate  is  washed  and  again  dissolved 
in  salt  solution.  The  result  showed  that  this  cell  globulin  possesses 
germicidal  power  similar  to  that  of  blood  serum. 

Urine. — The  experiments  of  Lehmann  show  that  fresh  urine  has 
a  decided  germicidal  power  for  the  cholera  spirillum  and  the  anthrax 
bacillus,  and  no  doubt  for  other  bacteria  as  well.  To  what  constitu- 
ent of  the  urine  this  is  due  has  not  been  determined. 
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PRACTICAL  DIRECTIONS  FOR  DISINFECTION. 

The  Committee  on  Disinfectants  of  the  American  Public  Health 
Association  (appointed  in  1884),  after  an  extended  investigation  with 
reference  to  the  germicidal  value  of  various  agents,  in  a  final  report 
submitted  in  1887  submits  the  following  "  Conclusions": 

The  experimental  evidence  recorded  in  this  report  seems  to  justify  the 
following  conclusions: 

The  most  useful  agents  for  the  destruction  of  spore-containing  infectious 
material  are — 

1.  Fire.    Complete  destruction  by  burning. 

2.  Steam  under  preaaure,    105°  C.  (221°  F.)  for  ten  minutes. 

3.  Boiling  in  tcater  for  half  an  hour. 

4.  Chloride  of  lime}    A  four-per-cent  solution. 

5.  Mercuric  chloride,    A  solution  of  1 :  500. 

For  the  destruction  of  infectious  material  which  owes  its  infecting  power 
to  the  presence  of  microorganisms  not  containing  spores,  the  committee  rec- 
ommends— 

1.  Fire.    Complete  destruction  by  burning. 

2.  Boiling  in  water  for  ten  minutes. 

3.  Dry  heat    110'  C.  (230'*  F  )  for  two  hours. 

4.  Chloride  of  lime.    A  two-per-cent  solution. 

5.  Solution  of  chlorinated  8oda.^    A  ten-per-cent  solution. 

6.  Mercuric  chloride.    A  solution  of  1 : 2,000, 

7.  Carbolic  acid.    A  five  per-cent  solution. 

8-  Sulphate  of  copper.    A  five-per-cent  solution. 
9.  Chloride  of  zinc.    A  ten-per-cent  solution. 

10.  Sulphur  dioxide.*    Exposure  for  twelve  hours  to  an  atmosphere  con- 
taining at  least  four  volumes  per  cent  of  this  gas  in  presence  of 
moisture. 
The  committee  would  make  the  following  recommendations  with  refe- 
rence to  the  practical  application  of  these  agents  f or  disiofecting  purposes: 

FOB  EXCRETA. 

(a)  In  the  sick-room : 

1.  Chloride  of  lime  in  solution,  four  per  cent. 
In  the  absence  of  spores: 

2.  Carbolic  acid  in  solution,  five  per  cent. 

3.  Sulphate  of  copper  in  solution,  five  per  cent. 

*  Should  coDtaia  at  least  twenty-five  per  cent  of  available  chlorine. 

*  Should  contain  at  least  three  per  cent  of  ayatiable  chlorine. 

*  This  will  require  the  combustion  of  between  three  and  four  pounds  of  sulphur 
for  erery  thousand  cubic  feet  of  air  space. 
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(6)  In  privjr  vaults : 

1.  Mercuric  chloride  in  solution,  1 :  600.' 

2.  Carbolic  acid  in  solution,  five  per  cent. 

(c)  For  the  disinfection  and  deodonzation  of  the  surface  of  masses  of  or- 
ganic material  in  nrivy  vaults,  etc. : 
Chloride  of  lime  in  powder, 

FOE  CLOTHING,   BEDDING,   ETC. 

(a)  Soiled  underclothing,  bed  linen,  etc. : 

1.  Destruction  by  fire,  if  of  little  value. 

2.  Boiling  for  at  least  half  an  hour. 

3.  Immersion  in  a  solution  of  mercuric  chloride  of  the  strength  of 

1 : 2,000  for  four  hours. 

4.  Immersion  in  a  two-per-cent  solution  of  carbolic  acid  for  four  hours. 
(6)  Outer  garments  of  wool  or  silk,  and  similar  articles,  which  would  be 

injured  by  immersion  in  boiling  water  or  in  a  disinfecting  solution: 

1.  Exposure  in  a  suitable  apparatus  to  a  current  of  steam  for  ten  min- 

utes. 

2.  Exposure  to  dry  heat  at  a  temperature  of  110**  C.  (230"  F.)  for  two 

hours. 
(c)  Mattresses  and  blankets  soiled  by  the  discharges  of  the  sick : 

1.  Destruction  by  fire. 

2.  Exposure  to  superheated  steam,  105**  C.  (221*  F.),  for  ten  minutes. 

(Mattresses  to  have  the  cover  removed  or  freely  opened.) 

3.  Immersion  in  boiling  water  for  half  an  hour. 

FURNITURB  AND  ARTICLES  OF  WOOD,   LEATHER,   AND  PORCELAIN. 

Washing,  several  times  repeated,  with — 
1.  Solution  of  carbolic  acid,  two  per  cent. 

FOR  THE    PERSON. 

The  hands  and  general  surface  of  the  body  of  attendants  of  the  sick,  and 
of  convalescents,  should  be  washed  with — 

1.  Solution  of  chlorinated  soda  diluted  with  nine  parts  of  water,  1 :  10. 

2.  Carbolic  acid,  two-per-cent  solution. 

3.  Mercuric  chloride,  1 : 1,000. 

FOR  THE  DEAD. 

Envelop  the  body  in  a  sheet  thoroughly  saturated  with — 

1.  Chloride  of  lime  in  solution,  four  per  cent. 

2.  Mercuric  chloride  in  solution,  1 :  500. 

3.  Carbolic  acid  in  solution,  five  per  cent. 

FOR  THE  SICK-ROOM  AND  HOSPITAL  WARDS. 

(a)  While  occupied,  wash  all  surfaces  with — 

1.  Mercuric  chloride  in  solution,  1: 1,000. 

2.  Carbolic  acid  in  solution,  two  per  cent. 

(6)  When  vacated,  fumigate  with  sulphur  dioxide  for  twelve  hours,  burn- 
ing at  least  three  pounds  of  sulphur  for  every  thousand  cubic  feet  of  air 
space  in  the  room ;  then  wash  all  surfaces  with  one  of  the  above-mentioned 
disinfecting  solutions,  and  afterward  with  soap  and  hot  water;  finally  throw 
open  doors  and  windows,  and  ventilate  freely. 

>  The  addition  of  an  equal  quantity  of  potassium  permanganate  as  a  deodorant,, 
and  to  give  color  to  the  solution,  is  to  be  recommended.  {The  writer  no  longer  in- 
dorses this  recommendation.  See  his  paper  on  '*  The  Disinfection  of  Elzcreta,'*  ap- 
pended.] 
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FOB  MEBOHANDISE  AND  THE  MAILS. 

The  disinfection  of  merchandise  and  of  the  mails  will  only  he  required 
under  exceptional  circumstances;  free  aeration  will  usually  he  sufficient.  If 
disinfection  seems  necessary,  f umi^tion  with  sulphur  dioxide  will  he  the 
only  practicable  method  of  accomplishing  it  without  injury. 

RAGS. 

(a)  Rags  which  have  been  usea  for  wiping  away  infectious  discharges 
should  at  once  be  burned. 

(6)  Rags  collected  for  the  paper-makers  during  the  prevalence  of  an  epi- 
demic should  be  disinfected,  before  they  are  coinpressea  in  bales,  by — 

1.  Exposure  to  superheated  steam  of  lOS""  Cf.  (221°  F.)  for  ten  minutes. 

2.  Immersion  in  boiling  water  for  half  an  hour. 

SHIPS. 

(a)  Infected  ships  at  sea  should  be  washed  in  every  accessible  place,  and 
especially  the  localities  occupied  b^  the  sick,  with — 

1.  Solution  of  mercuric  chloride,  1 : 1,000. 

2.  Solution  of  carbolic  acid,  two  per  cent. 

The  bilge  should  be  disinfected  by  the  liberal  use  of  a  strong  solution  of 
mercuric  chloride. 

(6)  Upon  arrival  at  a  quarantine  station,  an  infected  ship  should  at 
once  be  fumigated  with  sulphurous  acid  gas,  using  three  pounds  of  sulphur 
for  every  thousand  cubic  feet  of  air  space;  the  cargo  should  then  be  dis- 
charged on  lighters;  a  liberal  supply  of  tne  concentrated  solution  of  mercuric 
chloride  (four  ounces  to  the  gallon)  should  be  thrown  into  the  bilge,  and  at 
the  end  of  twenty-four  hours  the  bilge  watei  should  be  pumped  out  and  re- 
placed with  pure  sea  water;  this  should  be  repeated.  A  second  fumigation, 
after  the  removal  of  the  cargo,  is  recommendea;  all  accessible  surfaces  should 
be  washed  with  one  of  the  disinfecting  solutions  heretofore  recommended, 
and  subsequently  with  soap  and  hot  water. 

FOR  RAILWAY  OARS. 

The  directions  given  for  the  disinfection  of  dwellings,  hospital  wards,  and 
ships  apply  as  wefi  to  infected  railway  cars.  The  treatment  of  excreta  with 
a  disinfectant,  before  thev  are  scattered  along  the  tracks,  seems  desirable  at 
all  times  in  view  of  the  fact  that  thev  mav  contain  infectious  germs.  Dur* 
ing  the  prevalence  of  an  epidemic  of  cholera  this  is  imperative.  For  this 
purpose  the  standard  solution  of  chloride  of  lime  is  recommended. 

DISINFECTION  BY  STEAM. 

The  Oommittee  on  Disinfectants,  in  tne  above-quoted  "Conclu- 
sions/' recommends  the  use  of  "  steam  under  pressure,  105°  C.  (221° 
F.),  for  ten  minutes''  for  the  destruction  of  spore-containing  infec- 
tious material.  The  spores  of  all  known  pathogenic  bacteria  are  de- 
stroyed by  a  temperature  of  100°  C.  maintained  for  five  minutes,  and 
in  view  of  this  fact  the  temperature  fijced  by  the  committee  is  ample, 
and  to  exact  a  higher  temperature  or  longer  exposure  would  be  un- 
reasonable. But  in  practical  disinfection  the  temperature  required 
to  destroy  infectious  material  is  not  the  only  question  to  be  considered. 
Economy  in  the  construction  and  operation  of  the  steam  disinfecting 
apparatus  must  have  due  attention,  and  an  important  point  relates 
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to  the  penetration  of  porous,  non-conducting  articles,  such  as  rolls  of 
blankets,  clothing,  etc.  These  points  have  been  the  subject  of  nu- 
merous experimental  investigations,  and  the  principles  involved 
have  been  elucidated,  especially  by  the  investigations  of  Esmarch 
(1887),  of  Budde  (1889),  and  of  Teuschner  (1890). 

It  has  been  shown  that  streaming  steam  is  more  effective  than 
confined  steam  at  the  same  temperature,  because  it  penetrates  porous 
objects  more  quickly.  Also  that  superheated,  *^  dry  "  steam  is  not  as 
effective  as  flowing  steam  at  100°  C. ;  on  the  other  hand,  it  corre- 
sponds in  effectiveness  with  dry  air,  and  the  temperature  must  be 
raised  to  140°  to  150°  C.  in  order  to  quickly  destroy  the  spores  of 
bacilli. 

Esmarch's  investigations  show  that  streaming  steam  penetrates 
porous  objects,  like  rolled  blankets,  more  readily  than  confined 
steam ;  but  the  later  researches  of  Budde  and  of  Teuschner  show 
that  a  temperature  of  100°  C.  is  more  rapidly  reached  in  the  interior 
of  such  rolls  when  the  flowing  steam  is  under  pressure.  With  the 
same  pressure  (fifteen  pounds)  a  temperature  of  100°  C,  was  reached 
in  two  and  one-half  minutes  when  the  steam  was  flowing,  and  in 
eleven  minutes  by  steam  at  rest  (Budde).  Intermittent  pressure 
was  not  found  by  Budde  to  present  any  advantages  over  continuously 
flowing  steam ;  on  the  contrary,  the  time  of  penetration  was  longer. 

Teuschner,  whose  investigations  are  the  most  recent,  arrives  at 
the  following  conclusions : 

1.  Strongly  superheated  steam  is  not  to  be  recommended  for  practical 
disinfection.  On  the  contrary,  a  slight  superheating  of  the  steam,  such  as 
occurs  in  the  apparatus  of  Schimmel,  is  not  objectionable. 

2.  Those  forms  of  apparatus  in  which  the  steam  enters  from  above  are 
much  safer  and  quicker  in  their  disinfecting  action  than  those  in  which  this 
is  not  the  case,  in  the  construction  of  such  apparatus  care  must  be  taken, 
in  order  to  secure  penetration  of  the  objects,  that  the  air  and  steam  have  a 
free  escape  below. 

3.  Disinfection  is  hastened  by  previously  warming  the  apparatus. 

4.  The  most  rapid  disinfecting  action  is  secured  by  the  use  of  streaming 
steam  in  a  state  of  tension  (under  pressure). 

6.  Objects  which  have  been  in  contact  with  fattv  or  oily  substances 
require  a  longer  time  for  disinfection  than  those  which  have  not. 

6.  To  accomplish  disinfection  it  is  necessary  to  expel,  as  completely  as 
possible,  all  air  from  the  objects  to  be  disinfected,  and  also  to  secure  a  suffi- 
cient condensation  of  the  steam. 

7.  The  condensation  of  the  steam  advances  in  a  sharply  defined  line 
from  the  periphery  to  the  centre  of  porous  objects. 

8.  The  temperature  necessary  for  disinfection  is  only  found  in  the  zone 
where  condensation  has  already  taken  place. 

9.  Only  a  few  centimetres  from  tne  zone  in  which  the  temperature  is 
100°  C— when  disinfection  is  incomplete— there  may  be  places  in  which 
the  temperature  is  40**  C.  or  more  below  the  boiling  point. 
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DISINFECtlON  OF  THE  HANDS. 

The  importance  of  a  reliable  method  of  disinfecting  the  hands  of 
surgeons,  obstetricians,  and  nurses  after  they  have  been  in  contact 
with  infectious  material  from  wounds,  puerperal  discharges,  etc.,  is 
now  fidly  recognized,  and  some  surgeons  consider  it  necessary  to 
completely  sterilize  the  hands  before  undertaking  any  surgical  opera- 
tion which  will  bring  them  in  contact  with  the  freshly-cut  tissues. 
The  numerous  experiments  which  have  been  made  with  a  view  to 
ascertaining  the  best  method  of  accomplishing  such  sterilization  of 
the  hands  show  that  it  is  by  no  means  a  simple  matter  to  effect  it, 
and  especially  to  insure  the  destruction  of  microorganisms  con- 
cealed beneath  the  finger  nails.  Fiirbringer,  in  an  extended  series 
of  experiments  (1888),  foimd  that  a  preliminary  cleansing  with  soap 
and  a  brush  was  even  more  important  than  the  degree  of  potency  of 
die  disinfecting  wash  subsequently  apphed.  He  recommends  the 
following  procedure : 

1.  Remove  all  visible  dirt  from  beneath  and  around  the  nails. 

2.  Brush  the  spaces  beneath  the  nails  with  soap  and  hot  water 
for  a  minute. 

3.  Wash  for  a  minute  in  alcohol  (not  below  eighty  per  cent),  and, 
before  this  evaporates,  in  the  following  solution  : 

4.  Wash  thoroughly  for  a  minute  in  a  solution  containing  1  :  500 
of  mercuric  chloride  or  three  per  cent  of  carbohc  acid. 

Roux  and  Reynes  tested  the  above  method  of  Fiirbringer,  and 
found  that  it  gave  better  results  than  others  previously  proposed,  al- 
though not  always  entirely  successful  in  securing  complete  steriliza- 
tion. 

Boll  has  recently  (1890)  reported  favorable  results  from  the  fol- 
lowing method  : 

1.  Cleanse  the  fin^r  nails  from  visible  dirt  with  knife  or  nail  scissors. 

2.  Brush  the  hands  for  three  minutes  with  hot  water  and  potash  soap. 

3.  Wash  for  half  a  minute  in  a  three-percent  solution  of  carbolic  acid, 
and  subsequently  in  a  1  : 2,000  solution  of  mercuric  chloride. 

4.  Rub  the  si>aces  beneath  the  nails  and  around  their  margins  with  iodo- 
form  gauze  wet  in  a  five-per-ceut  solution  of  carbolic  acid. 

Welch,  as  a  result  of  extended  experiments  made  at  the  Johns 
Hopkins  Hospital,  recommends  the  following  procedure  : 

1.  The  nails  are  kept  short  and  clean. 

2.  The  hands  are  washed  thoroughly  for  several  minutes  with  soap  and 
water,  the  water  beins^  as  warm  as  can  be  comfortably  borne,  and  being  f re- 
qaenUy  changed.  A  orush  sterilized  by  steam  is  used.  The  excess  of  soap 
is  washed  off  with  water. 

3.  The  hands  are  immersed  for  one  or  two  minutes  in  a  warm  saturated 
solution  of  permanganate  of  notash  and  are  rubbed  over  thoroughly  with  a 
sterilized  swab. 
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4.  They  are  then  placed  in  a  warm  saturated  solution  of  oxalic 
where  they  remain  until  complete  decolorization  of  the   permangs 
occurs. 

5.  They  are  then  washed  off  with  sterilized  salt  solution  or  water. 

6.  They  are  immersed  for  two  minutes  in  sublimate  solution,  1  :  500 
The  bacteriological  examination  of  the  skin  thus  treated  yields  al 

uniformly  negative  results,  the  material  for  the  cultures  being  taken  : 
underneath  and  around  the  nails.  This  is  the  procedure  now  employe 
the  gynecological  and  surgical  wards  of  the  hospital. 

THE  DISINFECTION  OF  EXCRETA. 

The  following  paper  by  the  present  writer  was  read  before 
Section  on  State  Medicine  at  the  last  (1891)  meeting  of  the  Amer 
Medical  Association : 

The  Committee  on  Disinfectants  appointed  by  the  American  Pi 
Health  Association  in  1884,  in  its  final  report  submitted  in  1887,  giy& 
following  general  directions : 

^'Dimnfection  of  Excreta,  etc, — The  infectious  character  of  the  dejeci 
of  natients  suffering  from  cholera  and  from  typhoid  fever  is  well  establis 
ana  this  is  true  of  mild  cases  and  of  the  earliest  stages  of  these  diseasi 
well  as  of  severe  and  fatal  cases.  It  is  probable  that  epidemic  dyseni 
tuberculosis,  and  perhaps  diphtheria,  yeUow  fever,  scarlet  fever,  and  ty 
fever,  may  also  be  transmitted  by  means  of  the  alvine  discharges  of 
sick.  It  is,  therefore,  of  the  first  importance  that  these  shoula  be  d 
fected.  In  cholera,  diphtheria,  yellow  fever,  and  scarlet  fever  all  von 
material  should  also  be  looked  upon  as  infectious.  And  in  tubercul 
diphtheria,  scarlet  fever,  and  infectious  pneumonia  the  sputa  of  the 
should  be  disinfected  or  destroyed  by  fire.  It  seems  advisable  also  to  i 
the  urine  of  patients  «ick  with  an  infectious  disease  with  one  of  the  disin 
ing  solutions  below  recommended. 

*' Chloride  of  lime,  or  bleaching  powder,  is  perhaps  entitled  to  the 
place  for  disinfecting  excreta,  on  account  of  the  rapidity  of  its  action. 

**  The  following  standard  solution  is  recommended: 

**  Dissolve  chloride  of  lime  of  the  best  qtiality,^  in  pure  water,  in  the 
portion  of  six  ounces  to  one  gculon.  Use  one  c^uart  of  this  solution  foi 
disinfection  of  each  discharge  in  cholera,  typhoid  fever,  etc.*  Mix  well 
leave  in  the  vessel  for  at  least  one  hour  before  throwing  into  the  privy  '^ 
or  water  closet. 

*'  The  same  directions  apply  to  the  disinfection  of  vomited  matters, 
fected  sputum  should  be  discharged  directly  into  a  cup  half -full  of  the  i 
tion.     A  five-per-cent  solution  of  carbolic  acid  may  be  used  instead  of 
chloride  of  lime  solution,  the  time  of  exposure  to  the  action  of  the  disin 
ant  beinsp  four  hours"  (op.  cit.,  pp.  237,  238). 

The  ODJect  of  this  paper  is  to  inquire  whether  these  recommendati 
which  were  based  upon  the  experimental  data  available  at  the  time 
were  made,  are  sustained  by  subsequent  investigations;  and  whether 
other  agents  have  been  shown  to  possess  superior  advantages  for  the 
pose  in  view. 

But  first  we  desire  to  call  attention  to  another  portion  of  the  report  o] 

^  G^ood  chloride  of  lime  should  contala  at  least  twenty-flve  per  cent  of  avai 
chlorine  (page  93).  It  may  be  purchased  by  the  quantity  at  three  and  one-half  < 
per  pouna.  The  cost  of  the  standard  solution  recommended  is  therefore  but 
more  than  one  cent  a  gallon.  A  clear  solution  may  be  obtained  by  filtration  ( 
decantation,  but  the  insoluble  sediment  does  no  harm  and  this  is  an  imnecessar 
finement. 

■For  a  very  copious  discharge  use  a  larger  quantity. 
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Committee  on  Disinfectanls.  On  page  236  the  following  definition  of  disin 
fection  and  disinfectants  is  given : 

""  The  object  of  disinfection  is  to  prevent  the  extension  of  infectious  dis- 
eases by  destroying  the  specific  infectious  material  which  gives  rise  to  them. 
This  is  accomplished  by  the  use  of  disinfectants.  There  can  be  no  partial 
disinfection  of  such  material;  either  its  infecting  power  is  destroyed  or  it  is 
not.  In  the  latter  case  there  is  a  failure  to  disinfect.  Nor  can  there  be  any 
disinfection  in  the  absence  of  infectious  material" 

I  have  italicized  the  last  sentence  because  I  wish  to  call  especial  attention 
to  it.  I  am  freouently  asked,  *'  What  is  the  best  disinfectant  to  put  into  a 
water  closet? "  Now,  if  a  closet  or  privy  vault  is  resorted  to  only  oy  healthy 
pers  ons  and  no  infectious  material  has  been  thrown  into  it,  there  is  nothing 
in  it  to  disinfect,  and  the  recommendation  of  the  Committee  on  Disinfect- 
ants does  not  apply  to  it  at  all.  It  may  smell  badly,  and  in  this  case  the 
bad  odor  may  be  neutralized  by  the  use  of  deodorants;  or  we  may  prevent 
the  putrefactive  decomposition  of  its  contents,  and  thus  prevent  the  forma- 
tion of  the  offensive  gases  given  off  as  a  result  of  such  decomposition,  by 
the  use  of  antiseptics.  But  to  accomplish  this  it  is  not  necessary  to  sterilize 
the  entire  contents  by  the  use  of  active  germicidal  a^nts. 

A  solution  of  sulphate  of  iron  or  of  chloride  of  zinc  is  a  useful  antiseptic 
and  deodorizing  agent,  and  the  Committee  on  Disinfectants,  in  making  its 
recommendations,  did  not  intend  to  discourage  the  use  of  such  agents.  But 
exact  experimental  data  showed  that  these  agents  could  not  be  depended 
upon  for  Hie  destruction  of  infectious  disease  germs,  and  the  recommenda- 
tions made  related  to  disinfection  in  the  strict  and  proper  use  of  the  term  as 
above  defined.  This  definition  is  now  accepted  by  sanitarians  in  all  parts 
of  the  worlds  but  many  practising  physicians  still  use  the  term  disinfectant 
as  s^non vmous  with  deodorant  For  example,  I  find  in  a  recent  sanitary 
periodical,  under  the  heading  *'  Medical  Excerpt,"  an  item  copied  from  the 
American  Journal  of  Obstetrics^  to  which  the  name  of  a  distinguished  gy- 
necologist is  attachea,  in  which  the  following  statement  is  made  with  reference 
to  a  much-advertised  so-called  ^^disinfectant":  *'Asa  disinfectant  I  have 
used  it  in  mv  house  for  over  a  year  with  great  satisfaction."  Now,  the  agent 
referred  to  nas  been  proved  by  exact  experiments  to  have  comparatively 
little  disinfecting  power,  althous^h  it  is  a  very  good  deodorant.  According 
to  our  definition,  ""  the  object  of  disinfection  is  to  prevent  the  extension  of 
infectious  diseases  by  destroying  the  specific  infectious  material  which  eives 
rise  to  them.^'  Are  we  to  suppose  that  the  distinguished  gynecologist  above 
<^uoted  had  such  infectious  material  in  his  house  ''  for  over  a  year  "  at  the 
time  he  was  employing  **  with  ffreat  satisfaction  "  the  agent  he  recommends? 
If  not,  the  term  was  improperly  employed,  for  '*  there  can  be  no  disinfec- 
tion in  the  absence  of  infectious  material."  I  wish  to  emphasize  this  point, 
because  I  have  reason  to  believe  that,  in  the  army  at  least,  the  recommen- 
dation of  the  Committee  on  Disinfectants  has  led  to  the  substitution  of  chlo- 
ride of  lime  for  cheaper  deodomnts  and  antiseptic  agents — and  especially  for 
sulphate  of  iron— in  latrines  which  are  frequented  only  bv  healthy  persons 
and  consequently  need  no  disinfection.  The  amount  of  chloride  of  lime 
issued  from  the  Medical  Purveying  Depot  at  San  Francisco  during  the  past 
six  months  for  use  at  military  posts  on  the  Pacific  coast  is  more  tnan 
double  the  amount  of  sulphate  of  iron ;  but  there  has  been  no  epidemic  of 
an  infectious  disease,  and  probably  comparatively  little  call  for  the  use  of  a 
disinfecting  agent  in  the«ick-room.  We  quote  again  from  the  report  of  the 
Committee  on  Disinfectants : 

"  In  the  sick-room  we  have  disease  germs  at  an  advantage,  for  we  know 
where  to  find  them  as  well  as  how  to  kill  them.  Having  this  knowledge, 
not  to  applv  it  would  be  criminal  negligence,  for  our  efforts  to  restrict  tlie 
extension  of  infectious  diseases  must  oepend  largely  upon  the  proper  use  of 
disinfectants  in  the  sick-room"  (op.  cit.,  p.  237). 

*'  The  injurious  consequences  which  are  likely  to  result  from  such  mis- 
apprehension and  misuse  of  the  word  disinfectant  will  be  appreciated  when 
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it  is  known  that  recent  researches  have  demonstrated  that  many  o 
Bi^ents  which  have  been  found  useful  as  deodorizers  or  as  antiseptics  ai 
tirely  without  value  for  the  destruction  of  disease  g^rms. 

*'  This  is  true,  for  example,  as  regards  the  sulphate  of  iron,  or  ooppe 
salt  which  has  been  extensively  used  with  the  idea  that  it  is  a  valuaol^ 
infectant.  As  a  matter  of  fact,  sulphate  of  iron  in  saturated  solution 
not  destroy  the  vitality  of  disease  germs,  or  the  infecting  power  of  ma 
containing;  them.  This  salt  is,  nevertheless,  a  very  valuable  antiseptic 
its  low  price  makes  it  one  of  the  most  available  agents  for  the  arrest  of  j 
f active  decomposition  "  (op.  cit.,  p.  237). 

Chloride  of  lime  is  also  a  valuable  antiseptic  and  deodorant,  and  I  1 
of  no  objection  to  substituting  it  for  sulphate  of  iron  other  than  the  que 
of  cost.  The  first  cost  of  chloride  of  lime,  by  the  quantity,  is  about  d< 
that  of  sulphate  of  iron,  but  practically  the  difference  is  much  greatei 
cause  it  is  necessary  to  preserve  the  chloride  of  lime  in  air-tight  i>ack 
When  exposed  to  the  air  it  deteriorates  in  value  very  rapidly.  It  is,  t 
fore,  necessary  to  pack  it  in  air-tight  receptacles  which  will  not  be  inj 
by  the  corrosive  action  of  free  chlorine,  and  in  comparatively  small  qu 
ties  so  that  the  contents  of  a  nackage  may  be  used  soon  after  it  is  opene* 

We  now  proceed  to  consider  the  experimental  data  relating  to  the  gc 
cidal  value  of  chloride  of  lime. 

The  Committee  on  Disinfectants  gave  it  **  the  first  place  for  disinfe 
excreta,  on  account  of  the  rapidity  of  its  action. ' '  This  recommendation 
upon  experimental  data  obtained  in  the  pathological  laboratory  of  the  J 
Hopkins  University,  under  the  writer's  direction,  and  is  sustained  by  \ 
recent  experiments  made  in  Grermany. 

The  experiments  of  Bolton,  made  for  the  Committee  on  Disinfectan 
1886,  gfave  the  following  results  :  The  time  of  exposure  being  two  houi*s 
typhoid  bacillus  and  cholera  spirillum  in  bouillon  cultures  were  killed 
solution  containing  one  part  to  one  thousand  parts  of  water  (containing 
per  cent  of  available  chlorine) .  Anthrax  spores  were  killed  in  the  same 
oy  a  solution  containing  0.3  per  cent  of  available  chlorine.  Typhoid  f 
were  sterilized  by  a  twoper-cent  solution,  and  in  several  instances  by  a 
half-per-cent  solution ;  but  some  resistant  spores  of  non-pathogenic  bacilli 
vived  in  two  experiments  in  which  a  solution  of  1 :  100  was  used.  In  bou 
cultures  to  which  ten  per  cent  of  dried  egg  albumin  had  been  addec 
typhoid  bacillus  was  destroyed  by  one-half  per  cent  (1 :  200). 

Nissen,  whose  experiments  were  made  in  Koch's  laboratory  in  1890,  fc 
that  anthrax  spores  were  destroyed  in  thirty  minutes  by  a  fire-per- 
solution,  and  in  seventy  minutes  by  a  one-per-cent  solution*  In  his  ex 
ments  the  typhoid  bacillus  and  the  cholera  spirillum  were  destroyed 
certainty  in  five  minutes  by  a  solution  containing  0.12  per  cent  (1: 833) ; 
anthrax  bacillus  in  one  minute  by  1 : 1,000 ;  Staphylococcus  pyogenes  aurei 
one  minute  by  1 :  500.  Experiments  made  by  the  same  author  on  the  sU 
zation  of  fteces  showed  that  one  per  cent  could  be  relied  upon  to  destroy 
bacillus  of  typhoid  fever  and  the  spirillum  of  cholera  in  faeces  in  ten  i 
utes. 

Carbolic  Acid. — The  Committee  on  Disinfectants  says:  *'  A  five-per^ 
solution  of  carbolic  acid  may  be  used  instead  of  the  chloride  of  lime  solul 
the  time  of  exposure  to  the  action  of  the  disinfectant  being  four  hoi 
This  recommendation  is  made  in  view  of  the  fact  that  in  those  diseas< 
which  it  is  most  important  to  disinfect  the  excret»  the  specific  germ  does 
form  spores.  This  is  now  believed  to  be  true  of  the  typhoid  bacillus, 
spirillum  of  cholera,  the  bacillus  of  diphtheria,  the  bacillus  of  glanders, 
tne  streptococcus  of  erysipelas ;  and  it  nas  been  shown  by  exact  experim 
that  all  of  these  pathogenic  bacteria  are  destroyed  in  two  hours  by  a  one 
cent  solution,  or  less,  of  this  agent. 

Spores  require  for  their  destruction  a  stronger  solution  and  a  longer  ti 
Koch  found  a  one-per-cent  solution  to  be  without  effect  on  anthrax  sp 
after  fifteen  days'  exposure;  a  two-per-cent  solution  retarded  their  deve 
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ment,  but  did  not  destroy  their  vitality  in  seven  days ;  a  three-per  cent  olu- 
tion  was  eifective  in  two  days.  According  to  Nocht,  at  a  temperature  of 
37.50*"  C.  anthrax  spores  are  killed  by  a  five-per-cent  solution  in  tnree  hours. 

Ckrbolic  acid  possesses  the  advantage  of  not  being  neutralized  by  the  sub- 
stances found  in  excreta,  or  by  the  presence  of  albumin.  Thus  Bolton  found 
that  the  addition  of  ten  per  cent  of  dried  albumin  to  a  bouillon  culture  of 
the  ^hoid  bacillus  did  not  materially  influence  the  result,  the  bacillus  be- 
ing oestroyed  in  two  hours  by  a  one-per-cent  solution. 

This  agent,  then,  is  firmly  established  as  a  valuable  disinfectant  for  ex- 
creta, but  we  still  give  the  preference  to  the  standard  solution  of  chloride 
of  lime  of  the  Committee  on  Disinfectants  for  use  in  the  sick-room,  **on 
account  of  the  rapidity  of  its  action,'^  and  also  on  account  of  its  compara- 
tive cheapness. 

At  the  International  Sanitary  Conference  at  Rome  (1885)  the  writer,  who 
was  associated  with  Dr.  Koch  on  the  Committee  on  Disinfectants,  presented 
the  claims  of  chloride  of  lime,  and  in  the  recommendations  of  the  commit- 
tee it  was  placed  beside  carbolic  acid  with  the  following  directions: 

'*  Ckrbolic  acid  and  chloride  of  lime  are  to  be  used  in  aqueous  solution. 

'*  Weak  solutions,  carbolic  acid,  two  per  cent;  chloride  of  lime,  one  per 
cent.  '  . 

'* Strong  solutions,  carbolic  acid,  five  per  cent;  <  hloride  of  lime,  four  per 
cent." 

The  strong  solutions  were  to  be  used  for  the  disinfection  of  excreta. 

Creolin,  a  coal-tar  product,  which  is  a  syrupy,  dark-brown  fluid  with  the 
odor  of  tar,  has  during  the  past  three  vears  received  much  attention  from 
the  German  bacteriologists.  It  is  probably  the  same  product  which  was 
tested  under  the  writers  direction  for  the  Committee  on  Disinfectants,  in 
1885,  under  the  name  of  **  Little's  soluble  phenyle.'*  It  stood  at  the  head 
of  the  *'  Commercial  Disinfectants  "  tested.  The  experiments  made  in  Ger- 
many show  that  it  is  not  so  active  for  spores  as  carbolic  acid,  but  that  it 
very  promptly  kills  known  pathogenic  bacteria,  in  the  absence  of  spores,  in 
solutions  of  two  per  cent  or  less.  Eisenberg  found  that  a  solution  of  two 
per  cent  killed  all  test  organisms  within  fifteen  minutes.  Esmarch  found 
it  especially  fatal  to  the  cholera  spirillum,  which  was  killed  by  solutions  of 
1 : 1,000  in  ten  minutes.  The  typhoid  bacillus  showed  much  greater  resist- 
ing power — ^a  one-half-ner-cent  solution  failed  after  ten  minutes'  exposure. 
The  pus  cocci  was  still  more  resistant.  Behring  has  shown  that  the  pre- 
sence of  albumin  greatly  diminishes  its  germicidal  power.  As  a  deodorant 
it  is  superior  to  carbolic  acid,  and  on  this  account  is  to  be  preferred  in  the 
sick-room.  A  recently  prepared  emulsion  may  be  used  to  disinfect  the  liquid 
excreta  of  cholera  or  typhoid  patients,  in  the  proportion  of  four  per  cent, 
two  hours^  time  being  allowed  for  the  action  of  the  disinfectant.  The  ex- 
periments of  Jager  upon  pure  cultures  of  the  tubercle  bacillus  attached  to 
silk  threads  were  successful  in  destroying  the  infecting  power  of  these  cul- 
tures, as  tested  by  inoculation  into  the  anterior  chamoer  of  the  eye  of  a 
rabbit,  when  solutions  of  two  per  cent  were  used. 

The  value  of  this  agent  as  a  disinfectant  is  then  fully  established ;  as  to 
its  cost  in  comparison  with  the  agents  lieretofore  mentioned  I  am  not  in- 
formed. 

Quicklime. — Experiments  made  in  Koch's  laboratory  in  1887  by  Libo- 
rius  led  him  to  place  a  high  value  upon  recently  burned  quicklime  as  a  dis- 
infectant. More  recent  experiments  by  Jager,  Kitasato,  Pfuhl,  and  others 
have  shown  that  this  agent  has  considerable  germicidal  power  in  the  ab- 
sence of  spores,  and  that  the  value  which  has  long  been  placed  upon  it  for 
the  treatment  of  excrementitious  material  in  latrines,  etc.,  and  as  a  yrash  for 
exposed  surfaces,  is  justified  by  the  results  of  exact  experiments  made  upon 
known  piM^ogenic  bacteria.  The  germicidal  power  of  lime  is  not  interfered 
with  by  the  presence  of  albuminous  material,  but  is  neutralized  by  phos- 
phates, carbonates,  and  other  bases,  and  by  carbonic  acid. 

In  the  writer's  experiments  a  saturated  aqueous  solution  of  calcium  oxide 
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failed  to  kill  tjrphoid  bacilli  ;  but  when  suspended  in  water  in  the  piopoi 
of  1  :  40  by  weight  this  bacillus  was  killed  at  the  end  of  two  hours.  Ajit 
spores  were  not  killed  in  the  same  time  by  a  lime  wash  containing  tw 
per  cent  bf  -vfeight  of  pure  calcium  oxide.  According  to  Kitasato 
typhoid  bacillus  and  the  cholera  spirillum  in  bouillon  cultures  are  destr 
by  the  addition  of  one-tenth  per  cent  of  calcium  oxide.  Pfuhl  experime 
upon  sterilized  fasces  to  which  pure  cultures  of  the  typhoid  bacillu 
cholera  spirillum  were  added.  The  liquid  discharges  of  patients  with  typ 
fever  or  diarrhoea  were  used  for  the  purpose.  He  found  that  sterilizi 
was  effected  at  the  end  of  two  hours  by  adding  fragments  of  calcium  hy< 
in  the  proportion  of  six  per  cent,  and  that  three  per  cent  was  effective  ii 
hours.  When  a  milk  of  lime  was  used  which  could  be  thoroughly  n 
with  the  dejecta  the  result  was  still  more  favorable.  A  standard  prepan 
of  milk  of  lime  containing  twenty  per  cent  of  calcium  hydrate  killec 
typhoid  bacillus  and  the  cholera  spirillum  in  one  hour  when  added  to  li 
faeces  in  the  proportion  of  two  per  cent. 

The  experiments  with  this  agent  show  that  time  is  an  important  fa 
and  that  much  longer  exposures,  as  well  as  stron^r  solutions,  are  reqi 
to  destroy  patho^nic  bacteria  than  is  the  case  with  chloride  of  lime. 
this  reason  we  still  give  the  last-named  agent  the  preference  for  the  dLsi 
tion  of  excreta  in  the  sick-room.  But  in  latrines  the  time  required  to  ao 
plish  disinfection  is  of  less  importance,  and  we  are  disposed  to  give  rece 
burned  quicklime  the  first  plctce  for  the  disinfection  of  excreta  in  ji 
vaults  or  on  the  surf  ace  of  the  ground.  It  may  be  applied  in  the  fori 
milk  of  lime,  prepalred  by  adding  gradually  eight  parts,  by  weight,  of  ^ 
to  one  part  of  calcium  hydrate.  This  must  be  fresnly  prepared,  or  prot( 
from  the  air  to  prevent  the  formation  of  the  inactive  carbonate  of  lime, 

According  to  Behring,  lime  has  about  the  same  germicidal  value  af 
other  caustic  alkalies,  and  destroys  the  cholera  spirillum  and  the  bacilli 
typhoid  fever,  of  diphtheria,  and  of  glanders  after  several  hours^  expo 
in  the  proportion  of  fifty  cubic  centimetres  normal-lauge  per  litre.  V 
ashes  or  lye  of  the  same  alkaline  strength  may  therefore  be  sul»titute< 
quicklime. 

Finally,  it  must  not  be  forgotten  that  we  have  a  ready  means  of  disii 
ing  excreta  in  the  sick-room  or  its  vicinity  by  the  application  of  '. 
Exact  experiments,  made  by  the  wiiter  and  others,  show  that  the  the 
death-point  of  the  followin&f  pathogenic  bacteria,  and  of  the  kinds  of  ^ 
mentioned  is  below  60**  U.  (140T.):  Spirillum  of  cholera,  bacillus  o 
thrax,  bacillus  of  typhoid  fever,  bacillus  of  diphtheria,  bacillus  of  glan 
diplococcus  of  pneumonia  (Micrococcus  Pasteuri),  streptococcus  of  erysip 
staphylococci  of  pus^  micrococcus  of  gonorrhoea,  vaccine  virus,  sheep 
virus,  hydrophobia  virus.  Ten  minutes*  exposure  to  the  temperature  ] 
tioned  may  be  relied  upon  for  the  disinfection  of  material  containinsf  ai 
these  pathogenic  organisms,  except  the  anthrax  bacillus  when  in  the  i 
of  spore  formation.  The  use,  therefore,  ofhoilina  water  in  the  propo\ 
of  tnree  or  four  parts  to  one  part  of  the  material  to  be  disinfected  ma 
safely  recommended  for  such  material.  Or,  better  still,  a  ten-per-cent 
tion  of  sulphate  of  iron  or  of  chloride  of  zinc  at  the  boiling  point  ma 
used  in  the  same  way  (three  parts  to  one).  This  will  have  a  higher  bo 
IK>int  than  water,  and  will  serve  at  the  same  time  as  a  deodorant.  Di 
an  epidemic  of  cholera  or  typhoid  fever  such  a  solution  might  be  kept 
ing  in  a  proper  receptacle  in  the  vicinity  of  hospital  wards  contai 
patients,  and  would  serve  to  conveniently,  promptly,  and  cheaply  disu 
all  excreta. 

4 

DISINFECTION  IN  DIPHTHERIA. 

At  the  meeting  of  the  Tenth  International  Medyjal  Congres 
Berlin  (1890)  Loffler  made  an  important  communication   upon 
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measures  to  be  taken  to  prevent  the  spread  of  diphtheria.     His  con- 
clusions are  summarized  as  follows  : 

1.  The  cause  of  diphtheria  is  the  diphtheria  bacillus,  which  is  found  in  the 
secretions  of  the  affected  mucous  membrane. 

2.  With  this  secretion  it  is  distributed  outside  of  the  body  and  may  be 
deposited  upon  anything  in  the  vicinity  of  the  sick. 

3.  Those  sick  with  diphtheria  carry  about  bacilli  capable  of  infecting 
others  so  long  as  there  is  the  slightest  trace  of  diphtheritic  deposit,  and  even 
for  several  dajrs  after  such  deposit  has  disappeared. 

4.  Those  sick  with  diphtheria  are  to  be  rigidly  isolated  so  long  as  the 
diphtheria  bacilli  are  present  in  their  secretions.  Children  who  have  been 
sick  with  diphtheria  should  be  kept  from  school  for  at  least  four  weeks. 

5.  The  diphtheria  bacilli  may  preserve  their  vitality  in  dried  fragments 
of  diphtheritic  membrane  for  four  or  five  months.  Therefore  all  objects 
whicQ  may  have  been  exposed  to  contact  with  the  excretions  of  those  sick 
with  diphtheria,  such  as  linen,  bedclothing,  utensils,  clothing  of  nurses,  etc., 
should  oe  disinfected  by  boiling  in  water  or  treated  with  steam  at  100''  C. 
In  the  same  way  the  rooms  occupied  by  diphtheria  patients  are  to  be  care- 
fully disinfected.  The  floors  should  be  repeatedly  scrubbed  with  hot  sub- 
limate solution  (1: 1,000)  and  the  walls  rubbed  down  with  bread. 

The  recommendation  .made  by  Loffler  with  reference  to  rubbing 
down  the  walls  of  an  infected  apartment  with  bread  is  based  upon 
the  experiments  of  Esmarch  (IBS?),  as  a  result  of  which  he  arrived 
at  the  conclusion  that  this  is  the  most  reliable  method  of  removing 
bacteria  attached^  the  walls  of  an  apartment.  Fresh  bread  is  used, 
and,  after  having  been  used,  is  destroyed  by  burning.  We  judge 
that  this  method  would  be  especially  applicable  to  painted  surfaces 
or  to  walls  covered  with  paper.  For  plastered  walls  the  liberal  ap- 
plication of  lime  wash  is  probably  the  safest  method  of  disinfection. 
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MODES  OF  ACTION. 

Many  of  the  saprophytic  bacteria  are  pathogenic  for  man^  or  for 
one  or  more  species  of  the  lower  animals^  when  by  accident  or  ex- 
perimental inoculation  they  obtain  access  to  the  body ;  these  may  be 
designsAed  facultative  parasites.  Other  species  which,  for  a  time 
at  least,  are  able  to  lead  a  saprophytic  mode  of  life  have  their  nor- 
mal habitat  in  the  bodies  of  infected  animals,  in  which  they  produce 
specific  infectious  diseases.  To  this  class  belong  the  cholera  spirillum, 
the  anthrax  bacillus,  the  bacillus  of  typhoid  fever,  and  various  other 
microorganisms  which  are  the  cause  of  specific  infectious  diseases  in 
some  of  the  lower  animals.  These  we  may  speak  of  ss  parasites 
and  facultative  saprophytes.  Still  others  are  strict  parasites  and 
do  not  find  the  conditions  for  their  development  outside  of  the  bodies 
of  the  animals  which  they  infest,  except  under  the  special  conditions 
in  which  bacteriologists  have  succeeded  in  cultivating  some  of  them. 
The  best  known  strict  parasites  are  the  tubercle  bacillus,  the  bacillus 
of  leprosy,  the  spirillum  of  relapsing  fever,  and  the  micrococcus  of 
gonorrhoea. 

There  can  be  but  little  doubt  that  even  the  strict  parasites,  at  some 
time  in  the  past,  were  also  saprophytes,  and  that  the  adaptation  to  a 
parasitic  mode  of  life  was  gradually  effected  imder  the  laws  of  natural 
selection.  In  a  previous  chapter  (Section  III.,  Part  Second)  we  have 
referred  to  the  modifications  in  biological  characters  which  may 
occur  as  a  result  of  special  conditions  of  environment.  Thus  we  may 
obtain  non-chrom(^enic  varieties  of  species  which  usually  produce 
pigment,  or  non-pathogenic  varieties  of  bacteria  which  are  usually 
pathogenic.     There  is  also  evidence  that  the  tubercle  bacillus,  a  strict 
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parasite^  may  be  so  modified,  by  cultivation  for  successive  generj 
tions  in  a  culture  medium  containing  glycerin,  that  it  will  final] 
grow  in  ordinary  beef  infusion,  thus  showing  a  tendency  to  ada] 
itself  to  a  saprophytic  mode  of  life. 

Some  of  the  saprophytic  bacteria  are  indirectly  pathogenic  I 
reason  of  their  power  to  multiply  in  articles  of  food,  such  as  mil] 
cheese,  fish,  sausage,  etc.,  and  there  produce  poisonous  ptomaine 
which,  when  these  articles  are  ingested,  give  rise  to  various  morbi 
symptoms,  such  as  vomiting,  gastric  and  intestinal  irritation,  f eve 
etc.  Or  similar  symptoms  may  result  from  the  multiplication  < 
bacteria  producing  toxic  ptomaines  in  the  alimentary  canal.  K 
doubt  gastric  and  intestinal  disorders  are  largely  due-  to  this  caua 
and  may  be  induced  by  a  variety  of  saprophytic  bacteria  when  thes 
establish  themselves  in  imdue  numbers  in  any  portion  of  the  al 
mentary  tract.  In  Asiatic  cholera  the  same  thing  occurs,  but  wil 
more  fatal  results  from  the  introduction  of  the  East  Indian  cholei 
germ  discovered  by  Koch.  This  is  pathogenic  for  man,  because  it 
able  to  multiply  rapidly  in  the  human  intestine,  and  there  produces 
toxic  substance  which,  being  absorbed,  gives  rise  to  the  morbid  phern 
mena  of  the  disease.  The  spirillum  itself  does  not  enter  the  blood  ( 
invade  the  tissues,  except  to  a  limited  extent  in  the  mucous  coat  < 
the  intestine,  and  the  true  explanation  of  its  pathogenic  power  is  i 
doubt  that  which  has  been  given. 

Other  microorganisms  invade  the  tissues  and  multiply  in  ce 
tain  favorable  localities,  but  have  not  the  power  of  developing  in  tl 
blood,  in  which  they  are  only  found  occasionally  and  in  very  sma 
numbers  or  not  at  aU.  Thus  the  typhoid  bacillus  locates  itself  in  tl 
intestinal  glands,  in  the  spleen,  and  in  the  liver,  forming  colonies  < 
limited  extent,  and  evidently  not  finding  the  conditions  extreme) 
favorable  for  its  growth,  inasmuch  as  it  does  not  take  complete  po 
session  of  these  organs.  The  symptoms  which  result  from  its  pn 
sence  are  doubtless  partly  due  to  local  irritation,  disturbance  of  f  um 
tion,  and,  in  the  case  of  the  intestinal  glands,  necrotic  chang< 
induced  by  it.  But  in  addition  to  this  its  pathogenic  action  depenc 
upon  the  production  of  a  poisonous  ptomaine  which  has  been  isolate 
and  studied  by  the  German  chemist  Brieger  (typhotoxine). 

Certain  saprophytic  bacteria,  when  injected  beneath  the  skin  of 
susceptible  animal,  multiply  at  the  point  of  inoculation  and  invad 
the  surrounding  tissues,  giving  rise  in  some  instances  to  the  f onm 
tion  of  a  local  abscess,  in  others  to  an  infiltration  of  the  tissues  wit 
bloody  serum,  and  in  others  to  extensive  necrotic  changes.  Thes 
local  changes  are  due  not  simply  to  the  mechanical  presence  of  tl 
microorganisms  which  induce  them,  but  to  chemical  products  evolve 
during  the  growth  of  these  pathogenic  bacteria.     Indeed,  their  path< 
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genie  power  evidently  depends,  in  some  instances  at  least,  upon  these 
toxic  products  of  their  growth,  by  which  the  vital  resisting  power  of 
the  tissues  is  overcome. 

Among  the  bacteria  which  in  this  way  produce  extensive  local 
inflammatory  and  necrotic  changes  are  certain  anaerobic  species 
found  in  the  soil  and  in  putrefying  material,  such  as  the  bacillus  of 
malignant  oddema  and  the  writer's  Bacillus  cadaveris.  The  bacillus 
of  symptomatic  anthrax,  an  infectious  disease  of  cattle,  acts  in  the  I 
same  way.  All  of  these  produce  toxic  substances  which  have  a  very 
pronounced  local  action  upon  the  tissues  invaded  by  them.  Other 
bacteria,  while  they  develop  chiefly  in  the  vicinity  of  the  point  of 
entrance — ^by  accident  or  by  inoculation — ^produce  a  potent  toxic  sub- 
stance which  gives  rise  to  general  symptoms  of  a  serious  character, 
such  as  tetanic  convulsions  (bacillus  of  tetanus)  or  intense  fever  and 
nervous  phenomena  (micrococcus  of  erysipelas).  Again,  the  local 
irritation  resulting  from  the  presence  of  parasitic  bacteria  may  pri- 
marily give  rise  to  the  formation  of  new  growths  having  alow  grade 
of  vifadity,  which  later  may  xmdergo  necrotic  changes,  as  in  tubercu- 
losis, glanders,  and  leprosy.  In  this  case  constitutional  symptoms 
are  not  present,  or  are  of  a  mild  character  during  the  development 
of  these  new  formations,  which  apparently  result  from  the  local  ac- 
tion of  substances  elinoinated  during  the  growth  of  the  parasite, 
rather  than  from  its  simple  presence.  This  is  an  inference  based 
upon  the  fact  that  non-living  particles,  or  even  living  parasites,  as  in 
trichinosis,  do  not  produce  similar  new  growths  composed  of  cells,- 
but  become  encysted  in  a  fibrous  capsule. 

In  pneumonia  we  have  a  local  process  in  which  one  or  more  lobes 
of  the  lung  are  invaded  by  a  pathogenic  micrococcus  (Micrococcus 
pneumoniaB  crouposse)  which  induces  a  fibrinous  exudation  that  com- 
pletely fills  the  air  cells.  How  far  the  symptoms  of  the  disease  are 
due  to  the  local  inflammation  and  disturbajice  of  function,  and  to 
what  extent  they  may  be  due  to  the  absorption  of  a  soluble  toxic 
substance  evolved  as  a  result  of  the  growth  of  the  micrococcus,  has 
not  been  determined.  But  the  mild  character  of  the  general  symp- 
toms when  a  limited  area  of  Ixmg  tissue  is  involved  leads  to  the  in- 
ference that  the  pathogenic  power  of  this  particular  pathogenic 
microdrganism  is  chiefly  exercised  locally. 

The  pus  cocci  and  various  other  saprophytic  bacteria,  when  intro- 
duced beneath  the  skin,  give  rise  to  the  formation  of  abscesseSy  un- 
attended by  any  very  considerable  general  disturbance ;  and  also  to 
secondary  purulent  accumulations — ^metastatic  abscesses. 

That  this  is  not  due  simply  to  their  mechanical  presence  is  shown 
by  the  tact  that  powdered  glass  and  other  inert  substances,  when 
thoroughly  sterilized,  do  not  give  rise  to  pus  formation  when  intro- 
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duced  beneath  the  skin  or  injected  into  the  cavity  of  the  abdomen. 
On  the  other  hand,  it  has  been  demonstrated  bj  the  experiments  of 
Grawitz,  De  Baiy,  and  otbrars  that  certain  chemical  sabstances 
which  act  as  local  irritants  whffli  brooe^t  in  contact  with  the  tissues 
may  indnce  pns  formation  quite  independently  of  microorgaiusms : 
nitrate  of  silver,  <ril  of  turpentine,  and  strong  liquor  anmioniaB  have 
been  shown  to  possess  this  power.  And  it  has  been  demonstrated  br 
the  recent  experiments  of  Buchner  that  sterilized  cultures  of  a  long 
list  of  different  bacteria — seventeen  species  tested — give  rise  to  sup- 
puration when  introduced  into  the  subcutaneous  tissues. 

Buchner  has  further  shown  that  this  property  of  inducing  pus  for- 
mation resides  in  the  dead  bacterial  cells  and  not  in  soluble  products 
present  in  the  cultures.  For  the  clear  fluid  obtained  by  passing 
these  sterilized  cultures  through  a  porcelain  filter  gave  a  n^ative  re- 
sult, while  the  bacteria  retained  by  the  filter,  although  no  longer 
capable  of  development,  having  been  killed  by  heat,  invariably 
caused  suppuration. 

Individuals  suffering  from  malnutrition  are  more  susceptible  to 
invasion  by  specific  disease  germs  or  by  the  conmion  pus  cocci 
than  are  those  in  vigorous  health.  Thus  the  sufferers  from  starva- 
tion, from  crowd  poisoning,  sewer-gas  poisoning,  etc.,  are  not  only 
liable  to  be  early  victims  during  the  prevalence  of  an  epidemic  dis- 
ease, but  are  very  subject  to  abscesses,  boils,  ulcers,  etc.  A  slight 
abrasion  in  such  an  individual,  inoculated  by  the  ever-present  pus 
cocci,  maj  give  rise  to  an  obstinate  ulcer  or  a  phl^monous  inflam- 
mation. 

In  the  same  way  some  of  the  ordinary  saprophytes,  which  usually 
have  no  pathogenic  power,  may  be  pathogenic  for  an  animal  whose 
strength  is  reduced  by  disease  or  injury.  Thus  necrotic  changes 
may  occur  in  injured  tissues,  or  in  those  which  have  a  deficient  blood 
supply — ^f rom  occlusion  of  an  artery,  for  example — due  to  the  presence 
of  putrefactive  bacteria  which  are  incapable  of  development  in  the 
circulation  of  a  healthy  animal  or  in  healthy  tissues.  We  may  also 
have  €L  progressive  gangrene^  due  to  infection  of  wounds  by  bacteria 
which  are  able  to  invade  healthy  tissues.  This  is  seen  in  the  so- 
caUed  hospital  gangrene,  which  is  undoubtedly  due  to  microorgan- 
isms, although  the  species  concerned  in  its  production  has  not  been 
determined,  owing  to  the  fact  that  modem  bacteriologists  have  had 
few,  if  any,  opportunities  for  studjdng  it.  The  history  of  the  disease, 
its  rapid  extension  in  infected  surgical  wards,  the  extensive  slough- 
ing which  occurs  within  a  few  hours  in  previously  healthy  wounds, 
and  the  effect  of  deep  cauterization  by  the  hot  iron,  nitric  acid,  or 
bromine  in  arresting  the  progress  of  the  disease,  all  support  this  view 
of  its  etiology.     Whether  it  is  due  to  a  specific  pathogenic  micro- 
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orgamBm,  or  to  exceptional  pathogenic  power  acquired  by  some  one 
of  the  common  bacteria  which  infest  suppurating  wounds,  cannot  be 
determined  in  the  absence  of  exact  experiments  by  modem  methods. 
But  the  latter  view  has  seemed  to  the  writer  the  most  probably  cor- 
rect. There  are  many  facts  which  go  to  show  that  pathogenic  viru- 
lence may  be  increased  by  cultivation  in  animal  fluids,  and  where 
wounded  men  are  brought  together  under  unfavorable  sanitary  con- 
ditions, as  has  been  the  case  where  hospital  gangrene  has  made  its 
appearance,  it  may  be  that  some  common  saprophyte  acquires  the 
power  of  invading  the  exposed  tissues  instead  of  simply  feeding  upon 
the  secretions  which  bathe  its  surface. 

Koch  has  described  a  progressive  tissue  necrosis  in  mice,  due  to  a 
streptococcus,  which  he  first  obtained  by  inoculating  a  mouse  in  the 
ear  with  putrid  material.  The  morbid  process  is  entirely  local  and 
rapidly  progressive,  causing  a  fatal  termination  in  about  three  days, 
without  invasion  of  the  blood. 

In  diphtheritic  inflammations  of  mucous  membranes  we  have 
a  local  invasion  of  the  tissues  and  a  characteristic  plastic  exudation. 
In  true  diphtheria  the  local  inflammation  and  necrotic  changes  in 
the  invaded  tissues  are  not  suflicient  to  account  for  the  serious  gen« 
eral  symptoms,  and  we  now  have  experimental  evidence  that  the 
diphtheria  bacillus  produces  a  very  potent  toxic  substance  to  which 
these  symptoms  are  no  doubt  largely  due.  The  diphtheria  bacillus 
of  Loffler  appears  to  be  the  cause  of  the  fatal  malady  which  goes 
by  this  name,  but  undoubtedly  other  microorganisms  may  be  con- 
cerned in  the  formation  of  diphtheritic  false  membranes.  In  cer- 
tain forms  of  diphtheria,  and  especially  when  it  occurs  as  a  com- 
plication of  scarlet  fever,  measles,  and  other  diseases,  the  Klebs- 
Ldffler  bacillus  is  absent,  and  a  streptococcus,  which  appears  to  be 
identical  with  Streptococcus  pyogenes,  is  found  in  considerable  num- 
bers and  is  probably  the  cause  of  the  diphtheritic  inflammation. 
An  epidemic  of  diphtheria  occurring  among  calves  was  studied  by 
Loffler,  and  is  ascribed  by  him  to  his  Bacillus  diphtheriae  vitulo- 
rum.  The  same  bacteriologist  has  shown  that  the  diphtheria  of 
chickens  and  of  pigeons  is  due  to  a  specific  bacillus  which  differs 
from  that  found  in  human  diphtheria,  and  which  he  calls  Bacillus 
diphtherise  columbrarum. 

Recently  Prof.  Welch  has  studied  the  histological  lesions  pro- 
duced by  filtered  cultures  of  the  diphtheria  bacillus.  Cultures  in 
glycerin-bouillon,  several  weeks  old,  were  filtered  through  porce- 
lain, and  the  sterile  filtrate  was  injected  beneath  the  skin  of  guinea- 
pigs.  One  cubic  centimetre  of  this  filtrate  was  injected  into  a  gui- 
nea-pig on  the  10th  of  December,  and  two  cubic  centimetres  more  on 
the  14th  of  the  same  month.     The  animal  succumbed  at  the  end  of 
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three  weeks  and  five  days  after  the  first  inoculation.  At  the  autopsy 
"  the  lymphatic  glands  of  the  inguinal  and  axiUary  regions  were 
found  to  be  enlarged  and  reddened;  the  cervical  glands  were  swollen 
and  the  thjToid  gland  was  greatly  congested.  There  was  a  consider- 
able excess  of  clear  fluid  in  the  peritoneal  cavity.  Both  layers  of  the 
peritoneum  were  reddened,  the  vessels  of  the  visceral  layer  being  es- 
pecially injected.  The  spleen  was  enlarged  to  double  the  average 
size;  it  was  mottled,  and  the  white  follicles  were  distinctly  outlined 
against  the  red  ground.  The  liver  was  dark  in  color  and  contained 
much  blood.  .  .  .  The  kidneys  were  congested  and  the  cut  surface 
was  cloudy.  .  .  .  The  pericardial  sac  was  distended  with  clear  se- 
nun.  Under  the  epicardium  were  many  ecchymotic  spots.  The 
lungs  exhibited  areas  of  intense  congestion  or  actual  hsemorrhage 
into  the  tissues.  .  .  •  The  histological  lesions  in  this  case  are  identi- 
cal with  those  observed  by  us  in  connection  with  the  inoculation  of 
the  li^dng  organisms." 

To  what  extent  non-specific  catarrhal  inflammations  of  mucous 
membranes  are  caused  by  the  local  action  of  microorganisms  has 
not  been  determined,  but  in  gonorrhoea  the  proof  is  now  considered 
satisfactory  that  the  "  gonocoocus  "  of  Neisser  is  the  cause  of  the 
intense  local  inflammation  and  purulent  discharge.  In  this  diseajse 
the  action  of  the  pathogenic  microorganism  seems  to  be  limited  to 
the  tissues  invaded  by  it,  as  there  is  no  general  systemic  disturbance 
indicating  the  absorption  of  a  toxic  ptomaine. 

Chronic  catarrhal  inflammations  appear,  in  some  cases  at  least, 
to  be  kept  up  by  the  presence  of  microorganisms,  which  are  always 
found  in  the  discharges  from  inflamed  mucous  surfaces. 

The  influence  of  microorganisms,  and  especially  of  the  pus  cocci, 
in  preventing  the  prompt  healing  of  wounds,  is  now  well  established. 
An  extensive  suppurating  wound  or  collection  of  pus,  especially  if 
putrefactive  bacteria  are  present,  causes  fever  and  nervous  symp 
toms,  due  to  the  absorption  of  toxic  products.  More  intense  general 
sjTnptoms  result  from  the  presence  of  the  streptococcus  of  pus  than 
from  the  less  pathogenic  staphylococci ;  this  is  seen  in  erysipelatous 
inflammations  and  in  puerperal  metritis  due  to  the  presence  of  this 
micrococcus.  Like  the  other  pus  cocci,  the  Streptococcus  pyogenes 
does  not  invade  the  blood,  but  when  introduced  into  the  subcuta- 
neous tissues  it  induces  a  local  inflammatory  process,  with  a  ten- 
dency to  pus  formation,  and  it  invades  the  neighboring  lymph  chan- 
nels, in  which  the  conditions  appear  to  be  especially  favorable  for  its 
multiplication* 

Finally,  certain  pathogenic  bacteria,  when  introduced  into  the 
bodies  of  susceptible  animals,  quickly  invade  the  blood  and  multiply 
in  it.     In  so  doing  they  necessarily  interfere  with  its  physiological 
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functions  by  appropriating  for  their  own  use  material  required  for 
the  nutrition  of  the  tissues ;  and  at  the  same  time  toxic  substances 
are  formed  which  play  an  important  part  in  the  production  of  the 
morbid  phenomena,  which  in  this  class  of  diseases  very  commonly 
lead  to  a  fatal  result.  The  pathogenic  bacteria  which  invade  the 
blood  may  also,  in  certain  cases,  give  rise  to  local  necrosis  and  dis- 
turbance of  function  in  various  organs  in  a  mechanical  way  by 
blocking  up  the  capillaries. 

The  invasion  of  the  blood  which  occurs  in  anthrax  and  in  vari- 
ous forms  of  septiceemia  in  the  lower  animals,  induced  by  subcuta- 
neous inoculation  with  pure  cultures  of  certain  pathogenic  bacteria^ 
does  not  generally  immediately  follow  the  inoculation.  Usually  a 
considerable  local  development  first  occurs,  which  gives  rise  to  more 
or  less  inflammation  of  the  invaded  tissues,  and  very  conunonly  to 
an  effusion  of  bloody  serum  in  which  the  pathogenic  microorganism 
is  found  in  great  numbers.  Even  in  susceptible  animals  the  bloo<l 
seems  to  offer  a  certain  resistance  to  invasion,  which  is  overcome 
after  a  time  by  the  vast  number  of  the  parasitic  host  located  in  the 
vicinity  of  the  point  of  inoculation,  aided  probably  by  the  toxic  sub- 
stances developed  as  a  result  of  their  vital  activity. 

The  experiments  of  Cheyne  (1886)  seem  to  show  that  in  the  case 
of  very  pathogenic  species,  like  the  anthrax  bacillus  or  Koch  s  bacil- 
lus of  mouse  septicaemia,  a  single  bacillus  introduced  subcutaneously 
may  produce  a  fatal  result  in  the  most  susceptible  animals,  while 
greater  numbers  are  required  in  those  which  are  less  susceptible. 
Thus  a  g^uinea-pig  succumbed  to  general  infection  after  being  inocu- 
lated subcutaneously  with  anthrax  blood  diluted  to  such  an  extent 
that,  by  estimation,  only  one  bacillus  was  present  in  the  fluid  in- 
jected; and  a  similar  result  in  mice  was  obtained  with  Bacillus 
murisepticus.  In  the  case  of  the  microbe  of  fowl  cholera  (Bacillus 
septicsemisB  hsemorrhagicae)  Cheyne  found  that  for  rabbits  the  fatal 
dose  is  300,000  or  more,  that  from  10,000  to  300,000  cause  a  local 
abscess,  and  that  less  than  10,000  produce  no  appreciable  effect. 
The  conmion  saprophyte  Proteus  vulgaris  was  found  to  be  patho- 
genic for  rabbits  when  injected  into  the  dorsal  muscles  in  sufiicient 
numbers.  But,  according  to  the  estimates  made,  225,000,000  were 
required  to  cause  death,  while  with  doses  of  from  9,000,000  to  112,- 
000,000  a  local  abscess  was  produced,  and  less  than  9,000,000  gave 
an  entirely  negative  result. 

Secondary  infections  occurring  in  the  course  of  specific  infec- 
tbus  diseases  are  of  conunon  occurrence.  Thus  a  pneimionia  may 
be  developed  in  the  course  of  an  attack  of  measles  or  of  typhoid 
fever  ;  or  infection  by  the  common  pus  cocci  in  the  course  of  scarlet 
fever,  typhoid  fever,  mumps,  etc.,  may  give  rise  to  local  abscesses. 
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to  endocarditis,  etc.  Again,  mixed  infection  may  be  induced  by 
injecting  simultaneously  into  susceptible  animals  two  species  of  path- 
ogenic bacteria. 

Bumm,  Bockhart,  and  others  have  reported  cases  of  mixed  gonor- 
rhoeal  infection  in  which  the  pyogenic  micrococci  gave  rise  to  ab- 
scesses in  the  glands  of  Bartholin,  to  cystitis,  parametritis,  or  to 
''  gonorrhceal  inflammation  "  of  the  knee  joint.  Babes  gives  numer- 
ous examples  of  mixed  infection  in  scarlet  fever  and  in  other  diseases 
of  childhood.  Anton  and  Fiitterer  have  studied  the  question  of 
secondary  infection  in  typhoid  fever.  Karlinski  has  reported  a  case 
of  secondary  infection  with  anthrax  in  a  case  of  typhoid  fever,  infec- 
tion occurring  by  way  of  the  intestine.  Many  other  examples  of 
secondary  or  mixed  infection  are  recorded  in  the  recent  hterature  of 
bacteriology  and  clinical  medicine,  but  enough  has  been  said  to  call 
attention  to  the  importance  of  the  subject. 
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We  have  abundant  evidence  that  susceptible  animals  may  be  in- 
fected by  the  injection  of  various  pathogenic  bacteria  beneath  the 
skin,  and  accidental  infection  through  an  open  wound  or  abrasion 
of  the  skin  is  the  common  mode  of  infection  in  tetanus,  erysipelas, 
hospital  gangrene,  and  the  "  traumatic  infectious  diseases  "  generally. 
Other  infectious  diseases,  like  anthrax  and  glanders,  are  frequently 
transmitted  in  the  same  way.  We  have  also  satisfactory  evidence 
that  tuberculosis  may  be  transmitted  to  man  by  the  accidental  inocu- 
lation of  an  open  wound ;  and  in  view  of  the  fact  that  susceptible 
animals  are  readily  infected  in  this  way,  it  would  be  strange  if  it 
were  otherwise. 

The  question  whether  infection  may  occur  through  the  unbroken 
skin  has  been  studied  by  several  bacteriologists  and  an  affirmative 
result  obtained.  Thus  Schinmielbusch  produced  pustules  upon  the 
thigh  in  two  young  persons  suffering  from  pyaemia  by  rubbing  upon 
the  surface  a  pure  culture  of  Staphylococcus  pyogenes  aureus  which 
he  had  obtained  from  the  pus  of  a  furuncle.  The  same  author  also 
succeeded  in  infecting  rabbits  and  guinea-pigs  with  anthrax,  and 
rabbits  with  rabbit  septicsBmia,  by  rubbing  pure  cultures  upon 
the  uninjured  skin.  Similar  results  had  previously  been  reported 
by  Roth,  who  also  showed  that  infection  might  occur  through 
the  uninjured  mucous  membrane  of  the  nose.  Machnoff  also  suc- 
ceeded in  infecting  guinea-pigs  with  anthrax  through  the  unin- 
jured skin  of  the  back,  and,  as  a  result  of  subsequent  microscop- 
ical examination  of  stained  sections,  arrived  at  the  conclusion  that 
the  principal  channel  through  which  infection  was  accomplished  was 
the  hair  follicles.  Braunschweig,  in  a  series  of  experiments  in  which 
he  introduced  various  pathogenic  bacteria  into  the  conjunctival  sac 
of  mice,  rabbits,  and  guinea-pigs,  obtained  a  negative  result  with  the 
anthrax  bacillus,  the  bacillus  of  mouse  septicsBmia,  the  bacillus  of 
chicken  cholera,  and  Micrococcus  tetragenus;  but  the  bacillus  ob- 
tained by  Ribbert  from  the  intestinal  diphtheria  of  rabbits  gave  a 
positive  result  in  five  mice,  two  guinea-pigs,  and  a  rabbit. 
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Infection  through  the  mucous  membrane  of  the  intestine  n< 
doubt  occurs  in  certain  diseases.  This  is  beHeved  to  be  a  cominoi 
mode  of  the  infection  of  sheep  and  cattle  with  anthrax,  and  probably 
also  in  the  infectious  disease  of  swine  known  as  hog  cholera.  Th< 
anthrax  bacillus  would  be  destroyed  by  the  acid  secretions  of  th< 
stomach,  but  if  spores  are  present  in  food  ingested  they  will  read 
the  intestine.  The  experiments  of  Korkunoff  do  not,  however,  sup 
port  the  view  that  infection  is  likely  to  occur  in  this  way.  In  a  series 
of  experiments  upon  white  mice  fed  with  bread  containing  a  quantity 
of  anthrax  spores  the  result  was  xmif ormly  negative,  but  exception' 
ally  infection  occurred  in  rabbits.  The  same  author  obtained  posi 
tive  results  in  rabbits  fed  with  food  to  which  a  pure  culture  of  the 
bacillus  of  chicken  cholera  had  been  added. 

Buchner,  in  experiments  upon  mice  and  guinea-pigs  fed  witl: 
material  containing  anthrax  spores,  obtained  a  positive  result  in  foui 
out  of  thirty-three  animals.  This  is  no  doubt  the  usual  mode  of  in 
fection  in  typhoid  fever  in  man. 

Infection  may  also  occur  through  the  miicous  membrane  of  thi 
respiratory  organs.  This  has  been  demonstrated  by  several  bac- 
teriologists, and  especially  by  the  experiments  of  Buchner,  whc 
mixed  dried  anthrax  spores  with  lycopodium  powder  or  pulverized 
charcoal,  and  caused  mice  and  guinea-pigs  to  respire  an  atmosphere 
containing  this  powder  in  suspension.  In  a  series  of  sixty-six  experi- 
ments fifty  animals  died  of  anthrax,  nine  of  pneumonia,  and  seven 
survived.  That  infection  did  not  occur  through  the  mucous  mem- 
brane of  the  alimentary  canal  was  proved  by  comparative  experi- 
ments in  which  animals  were  fed  with  double  the  quantity  of  spores 
used  in  the  inhalation  experiments.  Out  of  thirty-three  animals  fed 
in  this  way  but  four  contracted  anthrax.  That  infection  occurred 
through  the  lungs  was  also  demonstrated  by  the  microscopical  ex- 
amination of  sections  and  by  culture  experiments,  which  showed  that 
the  lungs  were  extensively  invaded,  while  in  many  cases  the  spleen 
contained  no  baciUi.  Positive  results  were  also  obtained  with  cul- 
tures of  the  anthrax  bacillus  not  containing  spores,  which  the  ani- 
mals were  made  to  inhale  in  the  form  of  spray.  But  in  this  case  a 
considerable  quantity  was  required,  and  a  sero-fibrinous  pneumonia 
was  usually  produced  as  well  as  general  infection;  the  inhalation  of 
smaU  quantities  gave  no  result.  Positive  results  in  rabbits  were  also 
obtained  by  causing  them  to  inhale  considerable  quantities  of  a  spray 
containing  the  bacillus  of  chicken  cholera. 

The  fact  that  large  quantities  of  a  liquid  culture  of  these  virulent 
bacilli  were  required  to  infect  very  susceptible  animals  by  way  of 
the  pulmonary  mucous  membrane,  and  that  Buchner  failed  to  cause 
the  infection  of  these  animals  with  small  quantities  of  a  pure  culture 
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inhaled  in  the  form  of  spray,  indicates  that  this  is  not  a  common 
mode  of  infection  in  the  absence  of  spores.  This  view  receives 
further  support  from  the  experiments  of  Hildebrandt,  who  made 
tracheal  fistulae  in  three  rabbits,  and,  after  the  wound  had  en^iirely 
healed,  injected  into  the  trachea  of  each  a  pure  culture  of  the  anthrax 
bacillus,  which  was  proved  to  be  virulent  by  inoculation  in  mice  or 
guinea-pigs.  All  of  the  animals  remained  in  good  health.  On  the 
other  hand,  three  rabbits  which  received  in  the  same  way  a  pure  cul- 
ture of  the  bacillus  of  rabbit  septicaeinia  died  as  a  result  of  general 
infection. 

That  man  may  be  infected  with  anthrax  by  way  of  the  respira- 
tory organs  seems  to  be  well  established.  In  England  the  disease 
known  as  "  wool-sorter^s  disease  "  results  from  infection  in  this  way 
among  workmen  engaged  in  sorting  wool,  which  is  liable  to  contain 
the  spores  of  the  anthrax  bacillus  when  obtained  from  the  skin  of  an 
animal  which  has  fallen  a  victim  to  this  disease.  That  infection 
occurs  through  the  lungs  is  shown  by  the  fact  that  these  organs  are 
first  involved,  the  disease  being,  in  fact,  a  pulmonic  anthrax. 

While  these  experiments  prove  the  possibility  of  infection  through 
the  respiratory  mucous  membrane,  other  experiments  made  by  Hil- 
debrandt show  that  under  ordinary  circumstances  bacteria  suspended 
in  the  air  do  not  reach  the  trachea  in  rabbits,  but  are  deposited  upon 
the  mucous  membrane  of  the  mouth,  nares,  and  fauces.  In  healthy 
rabbits  the  tracheal  mucus  was,  as  a  rule,  found  to  be  free  from  bac- 
teria, while  they  were  very  numerous  in  mucus  obtained  from  the 
mouth  or  nares.  But  when  a  rabbit  was  made  to  inhale  for  half  an 
hour  an  atmosphere  charged  with  the  spores  of  Aspergillus  f  umigatus 
their  presence  in  the  lungs  was  demonstrated  by  cultivation,  the  ani- 
mal being  killed  for  the  purpose  half  an  hovu*  after  the  inhalation 
experiment. 
15 
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III. 

SUSCEPTIBILITY  AND  IMMUNITY. 

No  questions  in  general  biology  are  more  interesting,  or  more 
important  from  a  practical  point  of  view,  than  those  which  relate  to 
the  susceptibility  of  certain  animals  to  the  pathogenic  action  of  cer- 
tain species  of  bacteria,  and  the  immunity,  natural  or  acquired,  from 
such  pathogenic  action  which  is  possessed  by  other  animals.  It  has 
long  been  known  that  certain  infectious  diseases,  now  demonstrated 
to  be  of  bacterial  origin,  prevail  only  or  principally  among  animals 
of  B,  single  species.  Thus  typhoid  fever,  cholera,  and  relapsing 
fever  are  diseases  of  man,  and  the  lower  animals  do  not  suffer  from 
them  when  they  are  prevailing  as  an  epidemic.  On  the  other  hand, 
man  has  a  natural  immunity  from  many  of  the  infectious  diseases  of 
the  lower  animals,  and  diseases  of  this  class  which  prevail  among 
animals  are  frequently  limited  to  a  single  species.  Again,  several 
species,  including  man,  may  be  susceptible  to  a  disease,  while  other 
animals  have  a  natural  immunity  from  it.  Thus  tuberculosis  is 
conunon  to  man,  to  cattle,  to  apes,  and  to  the  small  herbivorous  ani- 
mals, while  the  camivora  are,  as  a  rule,  immune ;  anthrax  may  be 
communicated  by  inocidation  to  man,  to  cattle,  to  sheep,  to  guinea- 
pigs,  rabbits,  and  mice,  but  the  rat,  the  dog,  carnivorous  animals,  and 
birds  are  generally  immune ;  glanders,  which  is  essentially  a  disease 
of  the  equine  genus,  may  be  communicated  to  man,  to  the  guinea- 
pig,  and  to  field  mice,  while  house  mice,  rabbits,  cattle,  and  swine 
are  to  a  great  extent  immune. 

In  addition  to  this  general  race  immunity  or  susceptibility  we 
have  individual  differences  in  susceptibility  or  resistance  to  the  ac- 
tion of  pathogenic  bacteria,  which  may  be  either  natural  or  acquired. 
As  a  rule,  young  animals  are  more  susceptible  than  older  one^. 
Thus  in  man  the  young  are  especially  susceptible  to  scarlet  fever, 
whooping  cough,  and  other  "children's  diseases,"  and  after  forty 
years  of  age  the  susceptibility  to  tubercular  infection  is  very  much 
diminished.  Among  the  lower  animals  it  is  a  matter  of  common 
laboratory  experience  that  the  very  young  of  a  susceptible  species 
may  be  infected  when  inoculated  with  an  "attenuated  culture" 
which  older  animals  of  the  same  species  are  able  to  resist. 
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Considerable  diflferences  as  to  susceptibility  may  also  exist  among 
adults  of  the  same  species.  In  man  these  diflferences  in  individual 
susceptibility  to  infectious  diseases  are  frequently  manifested.  Of  a 
number  of  persons  exposed  to  infection  in  the  same  way,  some  may 
escape  entirely  while  others  have  attacks  diflfering  in  severity  and 
duration.  In  our  experiments  upon  the  lower  animals  we  constantly 
meet  with  similar  results,  some  individuals  proving  to  be  exception- 
aQy  resistant.  Exceptional  susceptibility  or  immunity  may  be  to 
some  extent  a  family  characteristic  or  one  of  race.  Thus  the  negro 
race  is  decidedly  less  subject  to  yellow  fever  than  the  white  race, 
and  this  disease  is  more  fatal  among  the  fair-skinned  races  of  the 
north  of  Europe  than  among  the  Latin  races  living  in  tropical  or  sub- 
tropical regions.  On  the  other  hand,  small-pox  appears  to  be  excep- 
tionally fatal  among  negroes  and  dark-skinned  races  generally. 

A  very  remarkable  instance  of  race  immunity  is  that  of  Algerian 
sheep  i^ainst  anthrax,  a  disease  which  is  very  fatal  to  other  sheep. 

In  the  instances  mentioned  race  immunity  is  probably  an  ac- 
quired tolerance  due  to  natural  selection  and  inheritance.  If,  for 
example,  a  susceptible  population  is  exposed  to  the  ravages  of  small- 
pox, tiie  least  susceptible  individuals  will  survive  and  may  be  the  pa- 
rents of  children  who  will  be  likely  to  inherit  the  special  bodily  char- 
acters upon  which  this  comparative  inmiunity  depends.  The  ten- 
dency of  continuous  or  repeated  exposure  to  the  same  pathogenic 
^ent  will  evidently  be  to  establish  a  race  tolerance ;  and  there  is 
reason  to  believe  that  such  has  been  the  effect  in  the  case  of  some 
of  the  more  common  infectious  diseases  of  man,  which  have  been 
noticed  to  prevail  with  especial  severity  when  first  introduced  among 
a  virgin  population,  as  in  the  islands  of  the  Pacific,  etc. 

In  the  same  way  we  may  explain  the  immunity  which  carnivor- 
ous animals  have  for  anthrax  and  various  forms  of  septicsemia  to 
which  the  herbivora  are  very  susceptible  when  the  pathogenic  germ 
is  introduced  into  their  bodies  by  inoculation.  From  time  inmiemo- 
rial  the  camivora  have  been  in  the  habit  of  fighting  over  the  dead 
bodies  of  herbivorous  animals,  some  of  which  may  have  fallen  a  prey 
to  these  infectious  germ  diseases,  and  in  their  fighting  they  receive 
wounds,  inoculated  with  the  infectious  material  from  these  bodies, 
which  would  be  fatal  to  a  susceptible  animal.  If  at  any  time  in  the 
past  a  similar  susceptibility  existed  among  the  camivora,  with  indi- 
vidual differences  as  to  resisting  power,  it  is  evident  that  there  would 
be  a  constant  tendency  for  the  most  susceptible  individuals  to  perish 
and  for  the  least  susceptible  to  survive. 

But  if  we  admit  this  to  be  a  probable  explanation  of  the  immu- 
nity of  carnivorous  animals  from  septic  infection,  we  have  not  yet 
explained  the  precise   reason  for   the   immunity  enjoyed  by  the 
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selected  individuals  and  their  progeny.     The  essential  difference 
tween  a  susceptible  and  immune  animal  depends  upon  the  fact  t] 
in  one  the  pathogenic  germ,  when  introduced  by  accident  or  < 
perimental  inoculation,  multiplies  and  invades  the  tissues  or 
blood,  where,  by  reason  of  its  nutritive  requirements  and  toxic  p 
ducts,  it  produces  changes  in  the  tissues  and  fluids  of  the  body  inc 
sistent  with  the  vital  requirements  of  the  infected  animal ;  while 
the  immune  animal  multiplication  does  not  occur  or  is  restricted  t 
local  invasion  of  limited  extent,  and  in  which  after  a  time  the 
sources  of  nature  suffice  to  destroy  the  parasitic  invader. 

Now  the  question  is,  upon  what  does  this  essential  difference  < 
pend  ?  Evidently  upon  conditions  favorable  or  unfavorable  to  i 
development  of  the  pathogenic  germ;  or  upon  its  destruction 
some  active  agent  present  in  the  tissues  or  fluids  of  the  body  of  i 
immune  animal;  or  upon  a  neutralization  of  its  toxic  products  by  so 
substance  present  in  the  body  of  the  animal  which  survives  inf 
tion. 

What,  then,  are  the  unfavorable  conditions  which  may  be  suppoi 
to  prevent  development  in  immune  animals  ?  In  the  first  place,  i 
temperature  of  the  body  may  not  be  favorable.  Certain  pathoge 
bacteria  are  only  able  to  develop  within  very  narrow  temperature  li 
its,  and,  if  all  other  conditions  were  favorable,  could  not  be  expec 
to  multiply  in  the  bodies  of  cold-blooded  animals.  Or  the  temperati 
of  warm-blooded  animals,  and  especially  of  fowls,  may  be  above  i 
point  favorable  for  their  development.  This  is  the  explanat 
offered  by  Pasteur  of  the  immunity  of  fowls,  which  are  usually 
f ractory  against  anthrax  ;  and  in  support  of  this  view  he  showed 
experiment  that  when  chickens  are  refrigerated  after  inoculation, 
being  partly  immersed  in  cold  water,  they  are  liable  to  become 
fected  and  to  perish.  But,  as  pointed  out  by  Koch,  the  sparrc 
which  has  a  temperature  as  high  as  that  of  the  chicken,  may  o 
tract  anthrax  without  being  refrigerated.  We  must  not,  therefc 
too  hastily  conclude  that  the  success  in  Pasteur's  experiment 
pended  alone  upon  a  reduction  of  the  body  heat.  Gibier  has  sho 
that  the  anthrax  bacillus  may  multiply  in  the  bodies  of  frogs 
fish,  if  these  are  kept  in  water  having  a  temperature  of  35^ 
But  the  anthrax  bacillus  grows  within  comparatively  wide  tempe 
ture  limits,  while  other  pathogenic  bacteria  are  known  to  hav< 
more  restricted  temperature  range  and  would  be  more  decider 
influenced  by  this  factor — e.g.,  the  tubercle  bacillus. 

The  composition  of  the  body  fluids,  and  especially  their  reacti* 
is  probably  a  determining  factor  in  some,  instances.     Thus  Behri 
has  ascribed  the  failure  of  the  anthrax  bacillus  to  develop  in 
white  rat,  which  possesses  a  remarkable  immunity  against  anthr 
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to  the  highly  alkaline  reaction  of  the  blood  and  tissue  juices  of  this 
animal.  Behring  claims  to  have  obtained  experimental  proof  of  the 
truth  of  this  explanation  by  feeding  white  rats  on  an  exclusively 
v^table  diet  or  by  adding  acid  phosphate  of  lime  to  their  food,  by 
which  means  this  excessive  alkalinity  of  the  blood  is  diminished. 
Sats  so  treated  are  said  to  lose  their  natural  immunity,  and  to  die  as 
a  result  of  inoculation  with  virulent  cultures  of  the  anthrax  bacillus. 

The  recent  experiments  of  Nuttall,  Behring,  Buchner,  and  others 
have  established  the  fact  that  recently  drawn  blood  of  various  ani- 
mals possesses  decided  germicidal  power,  and  Buchner  has  shown 
that  this  property  belongs  to  the  fluid  part  of  the  blood  and  not  to 
its  cellular  elements.  It  has  also  been  shown  that  aqueous  humor, 
the  fluid  of  ascites,  and  lymph  from  the  dorsal  lymph  sac  of  a  frog 
possess  the  same  power.  This  power  to  kill  bacteria  is  destroyed  by 
heat,  and  is  lost  when  the  blood  has  been  kept  for  a  considerable 
time,  but  it  is  not  neutralized  by  freezing.  Further,  this  power  to 
destroy  bacteria  differs  greatly  for  different  species,  being  very  de- 
cided in  the  case  of  certain  pathogenic  bacteria,  less  so  for  others, 
and  absent  in  the  case  of  certain  common  saprophytes.  Behring 
has  also  shown  that  the  blood  of  different  animals  differs  consider- 
ably in  this  regard,  and  that  the  blood  of  the  rat  and  of  the  frog, 
which  animals  have  a  natural  immunity  against  anthrax,  is  espe- 
cially fatal  to  the  anthrax  bacillus.  The  experiments  made  show 
that  this  germicidal  power  is  very  prompt  in  its  action,  but  that  it  is 
limited  as  to  the  number  of  bkcteria  which  can  be  destroyed  by  a 
given  quantity  of  blood  serum.  When  the  number  is  excessive,  de- 
velopment occurs  after  an  interval  during  which  a  limited  destruc- 
tion has  taken  place.  It  would  appear  that  the  element  in  the  blood 
to  which  this  germicidal  action  is  due  is  neutralized  in  exercising 
this  power  ;  and  as,  independently  of  this,  blood  serum  is  an  excel- 
lent culture  medium  for  bacteria,  an  abundant  development  takes 
place  when  the  destruction  has  been  incomplete. 

Buchner  has  ascribed  this  remarkable  property  of  blood  serum  to 
the  presence  of  some  albuminoid  substance,  the  exact  nature  of. 
which  he  was  not  able  to  determine ;  and  quite  recently  Hankin 
(1891)  has  published  the  results  of  his  interesting  researches  con- 
firming this  view.  From  the  spleen  and  blood  serum  of  rats  he  has 
isolated  a  globulin  possessing  germicidal  properties,  to  which  he 
ascribes  the  power  of  rat's  blood  to  destroy  anthrax  bacilli,  without, 
however,  rejecting  the  view  that  the  excessive  alkalinity  of  the 
blood  of  this  animal  may  be  a  factor  in  producing  this  result.  The 
globulin  obtained  by  him  is  insoluble  in  water  or  in  alcohol  and  does 
not  dialy^e. 

In  a  recent  communication  (1892)  Brieger,  Kitasato,  and  Wasser. 
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mann  have  published  the  results  of  their  interesting  experimc 
with  a  bouillon  made  from  the  thymus  gland  of  the  calf.  It  i 
found  that  the  tetanus  bacillus  cultivated  in  this  bouillon  did 
form  spores  and  had  comparatively  little  virulence.  Mice  or  rabl 
inoculated  with  it  in  small  doses — 0.001  to  0.2  cubic  centimetre 
a  mouse — proved  to  be  subsequently  immime.  And  the  blood  ser 
of  an  immune  rabbit  injected  into  the  peritoneal  cavity  of  a  mo 
— 0.1  to  0.5  cubic  centimetre — ^was  foimd  to  give  it  immunity  fr 
the  pathogenic  action  of  a  virulent  culture  of  the  tetanus  baciU 
Similar  results  were  obtained  with  several  other  pathogenic  bactc 
cultivated  in  the  thymus  bouillon — spirillum  of  cholera,  bacillus 
diphtheria,  typhoid  bacillus.  We  give  here  the  directions  for  j 
paring  the  thymus  bouillon  as  used  by  the  authors  named : 

Two  or  three  thymus  glands  are  chopped  into  small  pieces  immedial 
after  they  are  taken  from  the  animal.  An  equal  part  of  distilled  wat^ 
added  to  the  mass  and  stirred  for  some  time  ;  it  is  tnen  placed  in  an  ice  cl 
for  twelve  hours.  The  juices  are  now  expressed  through  gausKe  by  mean 
a  flesh  press.  A  clouded,  slimy  fluid  is  obtained,  which  constitutes  a  st 
solution.  This  is  diluted  with  water,  and  a  certain  quantity  of  carbonate 
soda  is  added  to  the  solution  before  sterilization.  By  this  means  coagulat 
and  precipitation  of  the  active  substance  from  the  thymus  gland  are  avoic 
The  exact  amount  of  water  and  of  sodium  carbonate  required  to  prevent  ] 
cipitation  must  be  determined  by  experiment,  asit  difPersfordifPerentglar 
Usuall V  an  equal  portion  of  water  and  sufficient  soda  solution  to  turn  liti 
paper  leeblv  blue  will  five  the  desired  result.  The  liquid  is  now  heated 
a  large  flask,  which  is  left  for  fifteen  minutes  in  the  steam  sterilizer.  ' 
liquid  is  allowed  to  cool  and  then  filtered  through  fine  linen  to  remove  i 
suspended  coagula  ;  the  filtrate  has  a  milky  opalescence.  It  is  now  pla 
in  test  tubes  and  afi^ain  sterilized.  The  active  principle  is  precipitated  by 
addition  of  a  few  drops  of  acetic  acid. 

Additional  facts  bearing  upon  this  important  question  have  b 
developed  by  the  experiments  of  Ogata  and  Jasuhara,  which  sh 
that  the  anthrax  bacillus,  when  cxiltivated  in  the  blood  of  an  immi 
animal  (rat,  dog,  or  frog),  becomes  attenuated  as  to  its  pathoge 
power,  and  that  such  cultures  injected  into  a  susceptible  anit 
give  rise  to  a  mild  attack  followed  by  inmiunity.  Moreover,  the 
jection  of  a  small  amount — one  drop — of  blood  from  a  frog  or  a  c 
into  a  mouse,  made  before  or  after  inoculating  it  with  a  virulent  c 
ture  of  the  anthrax  bacillus,  was  found  to  protect  the  animal  f ron 
fatal  attack,  and,  after  its  recovery  from  the  mild  attack  result] 
from  the  injection,  it  proved  to  be  immune.  The  protective  influei 
was  exercised  when  the  blood  was  injected  as  long  as  seventy-t 
hours  before  the  inoculation,  or  five  hours  after  ;  and  it  was  not  1 
when  the  blood  was  kept  for  weeks  in  a  cool  place.  But  subject! 
it  to  a  temperature  of  45^  C.  for  an  hour  completely  destroyed 
power  to  protect  inoculated  mice  from  a  fatal  attack  of  anthrax. 

Similar  results  have  been  reported  by  Behring  and  Kitasatc 
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experiments  made  by  them  relating  to  acquired  immunity  from  the 
pathogenic  action  of  the  bacillus  of  tetanus.  The  blood  of  animals 
which  had  been  made  immune  was  injected  into  a  susceptible  animal, 
and  at  the  end  of  twenty-four  hours  it  was  inoculated  with  a  virulent 
culture.  The  result  was  negative,  while  control  experiments  made 
^th  the  same  culture  gave  a  uniformly  fatal  result.  So  small  a 
quantity  as  0.2  cubic  centimetre  of  blood  from  an  immune  rabbit,  in- 
jected into  the  cavity  of  the  abdomen  of  a  mouse,  was  sufficient  to 
protect  it  from  the  fatal  eflPects  of  a  virulent  cxilture  of  the  tetanus 
bacillus  injected  twenty-four  hours  later.  Further,  these  bacteriolo- 
gists have  shown  that  the  toxic  substances  present  in  a.  filtered  cul- 
ture of  the  tetanus  bacillus  are  neutralized  by  admixture  with  the 
blood  of  an  inmiune  rabbit.  A  culture  ten  days  old  was  sterilized 
by  filtration  ;  0.0001  cubic  centimetre  of  the  filtrate  was  found  to  kill 
a  mouse  with  certainty  in  less  than  two  days.  Of  this  filtered  cul- 
ture one  cubic  centimetre  was  added  to  five  cubic  centimetres  of  blood 
serum  from  an  immune  rabbit.  At  the  end  of  twenty-four  hours 
four  mice  received  each  0.2  cubic  centimetre  of  the  mixture,  contain- 
ing more  than  three  hundred  times  the  fatal  dose  of  the  filtered  cul- 
ture. All  of  these  mice  survived  the  injection  and  proved  subse- 
quently to  be  immune  for  virulent  tetanus  bacilli,  while  four  control 
mice,  each  of  which  was  inoculated  with  0.0001  cubic  centimetre  of 
the  same  filtrate  unmixed  with  blood,  perished  within  thirty-six 
hoxirs.  The  blood  of  rabbits  not  immune  was  without  eflPect  in  neu- 
tralizing the  toxic  substances  in  a  filtered  culture  of  the  tetanus  ba- 
cillus, as  was  also  the  blood  of  children,  calves,  sheep,  and  horses. 

The  same  bacteriologists  have  obtained  similar  results  by  mixing 
the  blood  of  an  animal  which  had  an  acquired  immunity  against  the 
poison  of  the  diphtheria  bacillus  with  filtered  cultures  of  this  bacillus. 
The  toxic  substances  present  are  neutralized  by  such  admixture,  but, 
according  to  Behring,  the  baciUi  themselves  are  not  destroyed  by  the 
blood  of  an  immune  animal. 

It  has  also  been  shown  by  experiment  that  naturally  immune  ani- 
mals may  be  infected  by  the  addition  of  certain  substances  to  cultures 
of  pathogenic  bacteria.  Thus  Arloing  was  able  to  induce  symptomatic 
anthrax  in  animals  naturally  immune  by  mixing  with  his  cultures 
various  chemical  substances,  such  as  carbolic  acid,  pyrogallic  acid, 
and  especially  lactic  acid  (twenty  per  cent).  Leo  has  shown  that 
white  mice,  which  are  not  subject  to  the  pathogenic  action  of  the 
glanders  bacillus,  may  be  rendered  susceptible  by  feeding  them  for 
some  time  upon  phloridzin,  which  gives  rise  to  an  artificial  diabetes 
and  causes  the  tissues  to  be  impregnated  with  sugar. 

Before  discussing  the  rationale  of  acquired  immunity  a  state- 
ment of  certain  established  facts  will  b3  desirable. 
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In  the  infectious  diseases  of  man  involving  the  system  generally^ 
a  single  attack  commonly  confers  immunity  from  subsequent  attacks. 
This  is  true  of  the  eruptive  fevers,  of  typhoid  fever,  of  yellow  fever, 
of  mumps,  of  whooping  cough,  and,  to  some  extent  at  least,  of  syphi 
hs.  But  it  seems  not  to  be  the  c€tse  in  epidemic  influenza  (la  grippe), 
in  croupous  pneumonia,  or  in  Asiatic  cholera,  in  which  diseases 
second  attacks  not  infrequently  occur.  In  localized  infectious  dis 
eases  such  as  diphtheria,  erysipelas,  and  gonorrhoea  one  attack  is  noi 
protective.  Croupous  pneumonia  and  Asiatic  cholera  should  per 
haps  be  grouped  with  diphtheria  and  erysipelas  as  local  infections 
with  constitutional  symptoms  resulting  from  the  absorption  of  toxic 
products.  But  typhoid  fever,  mum^s,  and  whooping  cough,  ir 
which  one  attack  gives  immunity,  are  also  localized  infectious  dis 
eases. 

We  are  therefore  not  able  to  group  infectious  diseases  into  twc 
classes,  in  one  of  which  there  is  a  general  infection  followed  by  im- 
munity,  and  in  the  other  a  local  infection  without  subsequent  immu- 
nity. Indeed,  in  the  eruptive  fevers  and  specific  febrile  infectious 
diseases  generally  the  immunity  following  an  attack  is  not  abso 
lute.  Second  attacks  of  small-pox,  of  scarlet  fever,  and  of  yello\^ 
fever  occur  occasionally,  although  a  large  majority  of  those  who  suf- 
fer an  attack  of  one  of  these  diseases  have  an  immunity  for  life.  Or 
the  other  hand,  in  the  diseases  mentioned  in  which  one  attack  is  noi 
generally  recognized  as  protecting  from  future  attacks,  it  is  probable 
that  a  certain  degree  of  immunity,  of  limited  duration  perhaps,  is 
acquired.  In  localized  infection,  as  in  gonorrhoea  or  erysipelas,  the 
invaded  tissues  appear  after  a  time  to  acquire  a  certain  tolerance  tc 
the  pathogenic  action  of  the  invading  parasite,  and  no  doubt  recovery 
from  these  diseases  would  in  many  cases  occur,  after  a  time,  withoul 
medical  interference.  In  diphtheria,  cholera,  and  epidemic  influenza 
second  attacks  do  not  often  occur  during  the  same  epidemic,  and 
there  is  reason  to  believe  that  a  recent  attack  affords  a  certain  degree 
of  immunity. 

That  immunity  may  resxilt  from  a  comparatively  mild  attack  a£ 
well  as  from  a  severe  one  is  a  matter  of  common  observation  in  the 
case  of  small-pox,  scarlet  fever,  yellow  fever,  etc. ;  and  since  the  dis- 
covery of  Jenner  we  have  in  vaccination  a  simple  method  of  produc- 
ing immimity  in  the  first-mentioned  disease.  The  acquired  immunity! 
resulting  from  vaccination  is  not,  however,  as  complete  or  as  per- 
manent as  that  which  results  from  an  attack  of  the  disease. 

These  general  facts  relating  to  acquired  immunity  from  infectious 
diseases  constituted  the  principal  portion  of  our  knowledge  with  re- 
ference to  this  important  matter  up  to  the  time  that  Pasteur  (1880] 
demonstrated  that  in  the  disease  of  fowls  known  as  chicken  cholera. 
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which  he  had  proved  to  be  due  to  a  specific  microorganism,  a  mild 
attack  followed  by  immmiity  may  be  induced  by  inoculation  with  an 
"  attenuated  virus  " — i.  e. ,  by  inoculation  with  a  culture  of  the  patho- 
genic microoi^anism  the  virulence  of  which  had  been  so  modified 
that  it  gave  rise  to  a  comparatively  mild  attack  of  the  disease  in 
question,  Pasteur's  original  method  of  obtaining  an  attenuated  virus 
consisted  in  exposing  his  cultures  for  a  considerable  time  to  the  ac- 
tion of  atmospheric  oxygen.  It  has  since  been  ascertained  that  the 
same  result  is  obtained  with  greater  certainty  by  exposing  cxiltures 
for  a  given  time  to  a  temperature  slightly  below  that  which  would 
destroy  the  vitality  of  the  pathogenic  microorganism,  and  also  by  ex- 
posure to  the  action  of  certain  chemical  agents  (see  Part  Second,  p. 
124). 

Pasteur  at  once  comprehended  the  importance  of  his  discovery, 
and  inferred  that  what  was  truei  of  one  infectious  germ  disease  was 
likely  to  be  true  of  others.  Subsequent  researches,  by  this  savant 
and  by  other  bacteriolc^ists,  have  justified  this  anticipation,  and  the 
demonstration  has  already  been  made  for  a  considerable  number  of 
similar  diseases — anthrax,  symptomatic  anthrax,  rouget. 

A  virus  which  has  been  attenuated  artificially — ^by  heat,  for  ex- 
ample—may  be  cultivated  through  successive  generations  without  re- 
gaining its  original  virulence.  As  this  virulence  depends,  to  a  con- 
siderable extent  at  least,  upon  the  formation  of  toxic  products  during 
the  development  of  the  pathogenic  microorganism,  we  naturally  infer 
that  diminished  virulence  is  due  to  a  diminished  production  of  these 
toxic  substances. 

There  is  reason  to  believe  that  a  natural  attenuation  of  virulence 
may  occur  in  pathogenic  bacteria  which  are  able  to  lead  a  sapro- 
phytic existence  during  their  multiplication  external  to  the  bodies  of 
living  animals,  and  the  comparatively  mild  character  of  some  epi- 
demics is  probably  due  to  this  fact. 

Again,  cultivation  within  the  body  of  a  living  animal  may,  in 
certain  cases,  cause  a  diminution  in  the  virxilence  of  a  pathogenic 
microo^anism.  Thus  Pasteur  and  Thuiller  have  shown  that  the 
microbe  of  rouget  when  inoculated  into  a  rabbit  kills  the  animal,  but 
that  its  pathogenic  virulence  is  nevertheless  so  modified  that  a  cul- 
ture made  from  the  blood  of  a  rabbit  killed  by  it  is  a  suitable  "  vac- 
cme"forthe  pig. 

On  the  other  hand,  we  have  experimental  evidence  that  the  viru- 
lence of  attenuated  cultures  may  be  reestablished  by  passing  them 
through  the  bodies  of  susceptible  animals.  Thus  a  culture  of  the 
hacillus  of  rouget,  attenuated  by  having  been  passed  through  the 
body  of  a  rabbit,  is  restored  to  its  original  virulence  by  passing  it 
through  the  bodies  of  pigeons.    And  a  culture  of  the  anthrax  bacillus 
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which  will  not  kill  an  adult  guinea-pig  may  be  fatal  to  a  very  young 
animal  of  the  same  species  or  to  a  mouse,  and  the  bacillus  cultivated 
from  the  blood  of  such  an  animal  will  be  found  to  have  greatly  in- 
creased virulence. 

In  Pasteur's  inoculations  against  anthrax  "attenuated*'  cultures 
are  employed  which  contain  titie  living  pathogenic  germ  as  well  as 
the  toxic  products  developed  during  its  growth.  Usually  two  inocu- 
lations are  made  with  cultures  of  diflPerent  degrees  of  attenuation — 
that  is  to  say,  with  cultures  in  which  the  toxic  products  are  formed 
in  less  amount  than  in  virus  of  full  power.  The  most  attenuated 
virus  is  first  injected,  and  after  some  time  the  second  vaccine,  which 
if  injected  first  might  have  caused  a  considerable  mortality.  The 
animal  is  thus  protected  from  the  pathogenic  action  of  the  most 
virulent  cultures. 

Now,  it  has  been  shown  by  recent  experiments  that  a  similar  im- 
munity may  result  from  the  injection  into  a  susceptible  animal  of  the 
toxic  products  contained  in  a  virulent  culture,  independently  of  the 
living  bacteria  to  which  they  owe  their  origin.  Chauveau,  in  I8S0, 
ascertained  that  if  pregnant  ewes  are  protected  against  anthrax  by 
inoculation  with  an  attenuated  virus,  their  lambs,  when  bom,  also 
g^ve  evidence  of  having  acquired  an  immunity  from  the  disease.  As 
the  investigations  of  Davaine  seemed  to  show  that  the  anthrax 
bacillus  cannot  pass  through  the  placenta  from  the  mother  to  the 
fcetus,  the  inference  seemed  justified  that  the  acquired  immunity  of 
the  latter  was  due  to  some  soluble  substance  which  could  pass  the 
placental  barrier.  More  recent  researches  by  Strauss  and  Chamber- 
lain, Malvoz  and  Jacquet,  and  others,  show  that  the  placenta  is  not 
such  an  impassable  barrier  for  bacteria  as  was  generally  believed  at 
the  time  of  Chauveau's  experiments,  so  that  these  cannot  be  accepted 
as  establishing  the  inference  referred  to.  But  we  have  more  recent 
experimental  evidence  which  shows  that  immunity  may  result  from 
the  introduction  into  the  bodies  of  susceptible  animals  of  the  toxic 
substances  produced  by  certain  pathogenic  bacteria.  The  first  satis- 
factory experimental  evidence  of  this  important  fact  was  obtained  by 
Salmon  and  Smith  in  1886,  who  succeeded  in  making  pigeons  im- 
mune from  the  pathogenic  effects  of  cultures  of  the  bacillus  of  hog 
cholera  by  inoculating  them  with  sterilized  cultures  of  this  bacillus. 
In  1888  Roux  reported  similar  results  obtained  by  injecting  into  sus- 
ceptible animals  sterilized  cultures  of  the  anthrax  bacillus.  As 
already  stated,  Behring  and  Kitasato  have  quite  recently  reported 
their  success  in  establishing  immunity  against  virulent  cultures  of 
the  bacUluB  of  tetanus  and  the  diphtheria  bacillus  by  inoculating 
susceptible  animals  with  filtered,  germ-free  cultures  of  these  patho- 
genic bacteria. 
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In  Pasteur's  inoculations  against  hydrophobia,  made  subsequently 
to  infection  by  the  bite  of  a  rabid  animal,  an  attenuated  virus  is  in- 
troduced subcutaneously  in  considerable  quantity  by  daily  injections, 
and  immunity  is  established  during  the  interval — so-called  period  of 
incubation — which  usuaUy  occurs  between  the  date  of  infection  and 
the  development  of  the  disease.  That  the  immunity  in  this  case  also 
depends  upon  the  introduction  of  a  chemical  substance  present  in  the 
desiccated  spinal  cord  of  rabbits  which  have  succumbed  to  rabies, 
which  is  used  in  these  inoculations,  is  extremely  probable.  But,  as 
the  germ  of  rabies  has  not  been  isolated  or  cultivated  artificially,  this 
has  not  yet  been  demonstrated.  Wooldridge  claims  to  have  made 
susceptible  animals  immune  against  anthrax  by  inoculating  them 
with  an  aqueous  extract  of  the  testicle  or  of  the  thymus  gland  of 
healthy  animals. 

We  may  mention  also  the  interesting  results  obtained  by  Em- 
merich, Freudenreich,  and  others,  who  have  shown  that  an  anthrax 
infection  in  a  susceptible  animal  inoculated  with  a  virulent  culture 
may  be  made  to  take  a  modified  and  non-fatal  course  by  the  simul- 
taneous or  subsequent  inoculation  of  certain  other  non-pathogenic 
bacteria — streptococcus  of  erysipelas,  Bacillus  pyocyanus. 

In  a  series  of  experiments  made  by  the  writer  about  two  years  ago 
evidence  was  obtained  that,  under  certain  circumstances,  immunity 
from  the  effects  of  one  pathogenic  bacillus  may  be  obtained  by  the 
previous  injection  of  a  pure  culture  of  a  different  species.  In  the 
experiments  referred  to  injections  into  the  cavity  of  the  abdomen 
of  a  culture  of  Bacillus  pyocyanus  protected  rabbits  from  the  lethal 
effects  of  Bacillus  cimiculicida  Havaniensis,  when  subsequently  in- 
jected into  the  cavity  of  the  abdomen  in  such  amount  (cue  cubic  centi- 
metre of  a  bouillon  culture)  as  invariably  proved  fatal  in  rabbits  not 
protected  by  such  injections. 

Before  considering  the  theories  which  have  been  offered  in  expla- 
nation of  acquired  immunity  it  is  desirable  to  call  attention  to  certain 
obflervations  which  have  been  made  during  the  past  few  years  relat- 
ing to  "  chemiotaxis.^' 

The  term  chemiotaxis  was  first  used  by  Pfeffer  to  designate  the 
property,  observed  by  himself  and  others,  which  certain  living  cells 
exhibit  with  reference  to  non-living  organic  material,  and  by  virtue 
of  which  they  approach  or  recede  from  certain  substances.  The 
chemiotaxis  is  said  to  be  positive  when  the  living  cell  approaches,  and 
negative  when  it  recedes  from,  a  chemical  substance.  As  examples 
of  this  we  may  mention  the  approach  of  motile  bacteria  to  nutrient 
material  or  to  the  surface  of  a  liquid  medium  where  they  find  the 
oxygen  required  for  their  vital  activities  ;  and  of  leucocytes  to  cer- 
tain substances  when  these  are  introduced  beneath  the  skin  of  warm- 
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or  cold-blooded  animals.  This  subject  has  Recently  received  much 
attention  and  has  been  studied  especially  by  Ali-Cohen,  Massart  and 
Bordet,  Gabritchevski,  and  others. 

According  to  Gabritchevski,  the  following  substances  have  a  neg- 
ative chemiotaxis  for  the  leucocytes  :  Sodium  chloride  in  ten-per-cent 
solution,  alcohol  in  ten-per-cent  solution,  quinine,  lactic  acid,  gly- 
cerin, chloroform,  bile.  On  the  other  hand,  a  positive  chemiotaxis 
is  excited  by  sterilized  or  non-sterilized  cultures  of  various  bacteria. 
This  is  shown  by  the  fact  that  when  a  small  capillary  tube,  closed  at 
one  end,  which  contains  the  substance  to  be  tested,  is  introduced  be- 
neath the  skin  of  an  animal,  the  leucocytes  are  repelled  from  the  tube 
by  ceriain  substances,  while  those  which  incite  positive  chemiotaxis 
cause  them  to  enter  the  tube  in  great  numbers.  The  experiments  of 
Buchner  seem  to  show  that  the  positive  chemiotaxis  induced  by 
sterilized  cultures  of  bacteria  introduced  beneath  the  skin  of  an 
animal,  is  due  to  the  proteid  contents  of  the  cells  rather  than  to  the 
chemical  products  elaborated  as  a  result  of  their  vital  activity.  But 
that  such  chemical  products  may,  in  some  instances  at  least,  produce 
a  positive  chemiotaxis  independently  of  the  bacteria  is  shown  by 
the  experiments  of  Gabritchevski  with  filtered  cultures  of  Bacillus 
pyocyanus — confirmed  by  Massari;  and  Bordet. 

An  important  observation  made  by  Bouchard,  and  confirmed  by 
Massart  and  Bordet,  is  the  following:  When  a  tube  containing  a  cul- 
ture of  Bacillus  pyocyanus  is  introduced  beneath  the  skin  of  a  rabbit 
it  is  f oimd,  at  the  end  of  a  few  hours,  to  contain  a  great  number  of 
leucocytes.  But  if  immediately  after  its  introduction  ten  cubic  centi- 
metres of  a  sterilized  culture  of  the  same  bacillus  are  injected  into  the 
circulation  through  a  vein,  very  few  leucocytes  enter  the  tube  intro- 
duced beneath  the  skin — ^that  is,  the  chemiotaxis  of  the  leucocytes 
for  the  bacilli  contained  in  the  tube  has  been  neutralized  by  injecting 
a  considerable  quantity  of  the  soluble  products  of  the  same  bacillus 
into  the  circulation. 

Buchner,  having  shown  that  the  bacterial  cells  contain  a  proteid 
substance  which  attracts  the  leucocytes,  experimented  with  various 
other  proteids  and  found  that  gluten,  casein  from  wheat,  and  legumin 
from  peas  had  a  similar  efiEeet.  Starch  has  no  effect,  but  a  mass  of 
flour,  made  from  wheat  or  from  peas,  introduced  beneath  the  sldn  of 
a  rabbit  or  of  a  guinea-pig,  with  antiseptic  precautions,  in  the  course 
of  a  day  or  two  is  enveloped  and  penetrated  by  immense  numbers  of 
leucoc\i;es.  If,  instead  of  introducing  these  substances  which  induce 
positive  chemiotaxis  beneath  the  skin,  they  are  injected  into  the  cir- 
culation, Buchner  has  shown  that  a  great  increase  in  the  number  of 
leucoc}'i;es  occurs. 
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THEORIES   OF  IMMUNITY. 

Exhaustion  Theory. — For  a  time  Pasteur  supported  the  view 
that  during  an  attack  of  an  infectious  disease  the  pathogenic  micro- 
organism, in  its  multiplication  in  the  body  of  a  susceptible  animal, 
exhausts  the  supply  of  some  substance  necessary  for  its  development, 
that  this  substance  is  not  subsequently  reproduced,  and  that  conse- 
quently the  same  pathogenic  germ  cannot  again  multiply  in  the  body 
of  the  protected  animal.  This  view  is  sustained  in  a  memoir  pub- 
lished in  the  Comptes  Rendus  of  the  French  Academy  in  1880,  in 
which  Pasteur  says : 

**  It  is  the  life  of  a  parasite  in  the  interior  of  the  body  which  produces  the 
malady  commonly  called  'choUradea  pouleSj^  and  which  causes  death. 
From  the  moment  when  this  culture  (i.e.,  the  multiplication  of  the  parasite) 
is  no  lonTOr  possible  in  the  fowl  the  sickness  cannot  appear.  The  fowls  are 
then  in  the  constitutional  state  of  fowls  not  subject  to  be  attacked  by  the 
disease.  These  last  are  as  if  vaccinated  from  birth  for  this  malady,  because 
the  foetal  evolution  has  not  introduced  into  their  bodies  the  material  neces- 
sary to  suDport  the  life  of  the  microbe,  or  these  nutritive  materials  have 
disappearea  at  an  early  age. 

'•Certainly  one  should  not  be  surprised  that  there  may  be  constitutions 
sometimes  susceptible  and  sometimes  rebellious  to  inoculation — that  is  to 
say,  to  the  cultivation  of  a  certain  virus — when,  as  I  have  announced  in  my 
first  note,  one  sees  a  preparation  of  beer  yeast  made,  exactly  like  one  from 
the  muscles  of  fowls  {bouillon),  to  show  itself  absolutely  unsuited  for  the  cul- 
tivation of  the  parasite  of  fowl  cholera,  while  it  is  admirably  adapted  to  the 
cultivation  of  a  multitude  of  microscopic  species,  notably  to  the  bacUride 
charbonneuse  (Bacillus  anthracis). 

''The  explanation  to  which  these  facts  conduct  us,  as  well  of  the  consti- 
tutional resistance  of  some  individuals  as  of  the  immunity  produced  by 
protective  inoculations,  is  only  natural  when  we  consider  that  every  culture, 
m  general,  modifies  the  medium  in  which  it  is  effected — a  modification  of 
the  soil  when  it  relates  to  ordinar^r  plants;  a  modification  of  plants  and  ani- 
mals when  it  relates  to  their  parasites  ;  a  modification  of  our  culture  liquids 
when  it  relates  to  mucMinea,  vibrionie/is^  or  ferments. 

"  These  modifications  are  manifested  and  characterized  by  the  circum- 
stance that  new  cultivations  of  the  same  species  in  these  media  become 
promptly  difficult  or  impossible.  If  we  sow  chicken  bouillon  with  the  mi- 
crobe of  fowl  cholera,  ana,  after  three  or  four  days,  filter  the  liquid  in  order 
to  remove  all  trace  of  the  microbe,  and  subsequently  sow  anew  in  the  fil- 
tered liquid  this  parasite,  it  will  be  found  quite  powerless  to  resume  the  most 
feeble  development.  The  liauid,  which  is  perfectly  limpid  after  being  fil- 
tered, retains  its  limpidity  inae finitely. 

'*How  can  we  fail  to  believe  that  oy  cultivation  in  the  fowl  of  the  atten- 
uated virus  we  place  its  body  in  the  sUtte  of  this  filtered  liquid  which  can 
no  longer  cultivate  the  microbe  ?  The  comparison  can  be  pushed  still 
further;  for  if  we  filter  the  bouillon  containing  the  microbe  in  full  develop- 
ment, not  on  the  fourth  day  of  culture,  but  on  the  second,  the  filtered  liquid 
will  still  be  able  to  support  the  development  of  the  microbe,  although  with 
less  energy  than  at  the  outset.  We  comprehend,  then,  that  after  a  cultiva- 
tion of  the  q[iodified  (attenu^  microbe  in  the  body  of  the  fowl  we  may  not 
have  removed  from  all  parts  of  its  body  the  aliment  of  the  microbe.  That 
which  remains  will  permit,  then,  a  new  culture,  but  in  a  more  restricted 
measure. 

**This  is  the  effect  of  a  first  inoculation  ;  subsequent  inoculations  will 
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remove  progressively  all  the  material  necessary  for  the  development  of  the 
parasite/' 

In  discussing  this  theory,  in  a  paper  published  in  the  American 
Journal  of  the  Medical  Sciences  (April,  1881),  the  writer  says: 

*'  Let  us  see  where  this  hypothesis  leads  us.  In  the  first  place,  we  must 
have  a  material  of  small-pox,  and  a  material  of  measles,  and  a  material  of 
scarlet  fever,  etc.^  etc.  Then  we  must  admit  that  each  of  these  different 
materials  has  been  formed  in  the  system  and  stored  up  for  these  emergencies 
— attacks  of  the  diseases  in  question — ^for  we  can  scarcely  conceive  that  they 
were  all  packed  away  in  tlie  jferm  cell  of  the  mother  and  the  sperm  cell  of 
the  father  of  each  susceptible  individual.  If,  then,  these  peculiar  materials 
have  been  formed  and  stored  up  during  the  development  of  the  individual, 
how  are  we  to  account  for  the  fact  that  no  new  production  takes  place  after 
an  attack  of  any  one  of  the  diseases  in  question  ? 

**  Again,  how  shall  we  account  for  the  fact  that  the  amount  of  material 
which  would  nourish  the  small-pox  germ,  to  the  extent  of  producing  a  case 
of  confluent  small -pox,  may  be  exhausted  by  the  action  of  the  attenuated 
virus  (germ)  introduced  by  vaccination  ?  Pasteur's  comparison  of  a  fowl 
protected  by  inoculation  with  the  microbe  of  fowl  cholera,  with  a  culture 
fluid  in  which  the  c-rowth  of  a  particular  organism  has  exhausted  the  pabu- 
lum necessary  for  the  development  of  additional  organisms  of  the  same  Kind, 
does  not  seem  to  me  to  be  a  just  one,  as  in  the  latter  case  we  have  a  limited 
supply  of  nutriment,  while  in  the  former  we  have  new  supplies  constantly 
proviaed  of  the  material— food — ^from  which  the  whole  body,  including  the 
tiypothetical  substance  essential  to  the  development  of  the  disease  germ,  was 
built  up  prior  to  the  attack.  Besides  this  we  have  a  constant  provision  for 
the  elimination  of  effete  and  useless  products. 

**  This  hypothesis,  then,  requires  the  formation  in  the  human  body,  and 
the  retention  up  to  a  certain  time,  of  a  varietv  of  materials  which,  so  far  as 
we  can  see,  serve  no  purpose  except  to  nourisn  the  germs  of  various  specific 
diseases,  and  which,  having  served  this  purpose,  are  not  aeain  formed  in  the 
same  system,  subjected  to  similar  external  conditions,  and  supplied  with  the 
same  kind  of  nutriment.'* 

It  is  unnecessary  to  discuss  this  hypothesis  any  further,  inasmuch 
as  it  is  no  longer  sustained  by  Pasteur  or  his  pupils,  and  is  evidently 
untenable. 

The  Retention  Theory,  proposed  by  Chauveau  (1880),  is  subject  to 
similar  objections.  According  to  this  view,  certain  products  formed 
during  the  development  of  a  pathogenic  microorganism  in  the  body 
of  a  susceptible  animal  accumulate  during  the  attack  and  are  subse- 
quently retained,  and,  being  prejudicial  to  the  growth  of  the  particu- 
lar microorganism  which  produced  them,  a  second  infection  cannot 
occur.  Support  for  this  theory  has  been  found  by  its  advocates  in 
the  fact  that  various  processes  of  fermentation  are  arrested  after  a 
time  by  the  formation  of  substances  which  restrain  the  development 
of  the  microorganisms  to  which  they  are  due.  But  in  the  case  of  a 
living  animal  the  cc^nditions  are  very  different,  and  it  is  hard  to  con- 
ceive that  adventitious  products  of  this  kind  could  be  retained  for 
years,  when  in  the  normal  processes  of  nutrition  and  excretion  the 
tissues  and  fluids  of  the  body  are  constantly  imdergoing  change. 
Certainly  the  substances  which  arrest  ordinary  processes  of  f  ermen- 
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tation  by  their  accumulation  in  the  fermenting  liquid,  such  as  alco- 
hol, lactic  acidy  phenol,  etc.,  would  not  be  so  retained.  But  we  can- 
not speak  so  positively  with  reference  to  the  toxic  albuminous 
substances  which  recent  researches  have  demonstrated  to  be  present 
in  cultures  of  some  of  the  best  known  pathogenic  bacteria.  It  is 
difficult,  however,  to  beUeve  that  an  individual  who  has  passed 
through  attacks  of  half  a  dozen  different  infectious  diseases  carries 
about  with  him  a  store  of  as  many  different  chemical  substances  pro- 
duced during  these  attacks,  and  sufficient  in  quantity  to  prevent  the 
development  of  the  several  germs  of  these  diseases.  Nor  does  the 
experimental  evidence  relating  to  the  action  of  germicide  and  germ- 
restraining  agents  justify  the  view  that  a  substance  capable  of 
preventing  the  development  of  one  microorganism  should  be  with- 
out effect  upon  others  of  the  same  class ;  but  if  we  accept  the  re- 
tention hypothesis  we  must  admit  that  the  inhibiting  substance 
produced  by  each  particular  pathogenic  germ  is  effective  only  in 
restraining  the  development  of  the  microbe  which  produced  it  in  the 
first  instance. 

Pasteur  discusses  this  hypothesis  in  his  paper  from  which  we 
have  already  quoted,  as  follows  : 

**  We  may  admit  the  possibility  that  the  development  of  the  microbe,  in 
place  of  removing  or  destroying  certain  matters  in  the  bodies  of  the  fowls, 
adds,  on  the  contrary,  something  which  is  an  obstacle  to  the  future  develop- 
ment of  this  microl>e.  The  history  of  the  life  of  inferior  beings  authorizes 
such  a  supposition.  The  excretions  resulting  from  vital  processes  may  arrest 
vital  processes  of  the  same  nature.  In  certain  fermentations  we  see  anti- 
septic i>roducts  make  their  anpearaiice  during,  and  as  a  result  of,  the  fer- 
mentation, which  put  an  ena  to  the  active  life  of  the  ferments  and  arrest 
the  fermentations  long  before  they  are  completed.  In  the  cultivation  of  our 
microbe,  products  may  have  been  formed  the  presence  of  which,  possibly, 
may  explain  the  protection  following  inoculation. 

^'Our  artificial  cultures  permit  us  to  test  the  truth  of  this  hypothesis. 
Let  us  prepare  an  artificial  culture  of  the  microbe,  and  after  having  evapo- 
rated it,  in  vacuo,  without  heat,  let  us  bring  it  batck  to  its  original  volume 
by  means  of  fresh  chicken  bouillon.  If  the  extract  contains  a  poison  for 
the  life  of  the  microbe,  and  if  this  is  the  cause  of  its  failure  to  inultipl v  in  the 
filtered  liquid,  the  new  liquid  should  remain  sterile.  Now,  thig  is  not  the  case. 
We  cannot,  then,  believe  that  during  the  life  of  the  parasite  certain  substances 
are  produced  which  are  capable  of  arresting  its  ulterior  development." 

This  experiment  of  Pasteur  appears  to  be  conclusive  so  far  as  the 
particular  pathogenic  microorganism  referred  to  is  concerned ;  and 
we  may  say,  in  brief,  that  more  recent  investigations  do  not  sustain 
the  view  that  acquired  immunity  is  due  to  the  retention  of  products 
such  as  are  formed  by  pathogenic  bacteria  in  artificial  cxilture  media, 
and  which  act  by  destroying  these  bacteria  or  restraining  their  devel- 
opment when  they  are  introduced  into  the  bodies  of  immune  animals. 

Moreover,  if  we  suppose  that  the  toxic  substances  which  give 
pathogenic  power  to  a  particular  microorganism  are  retained  in  the 
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body  of  an  immune  animal,  we  must  admit  that  the  animal  has 
quired  a  tolerance  to  the  pathogenic  action  of  these  toxic  substan( 
for  their  presence  no  longer  gives  rise  to  any  morbid  phenomc 
And  this  being  the  case,  we  are  not  restricted  to  the  explanai 
that  immunity  depends  upon  a  restraining  influence  exercised  u 
the  microbe  when  subsequently  introduced. 

Another  explanation  offers  itself,  viz.,  that  immunity  depe\ 
upon  an  acquired  tolerance  to  the  toxic  products  of  pathoge 
bacteria.  This  is  a  view  which  the  writer  has  advocated  in  van 
pubUshed  papers  since  1881.  lii  a  paper  contributed  to  the  Am^i 
can  Journal  of  the  Medical  Sciences  in  April,  1881,  it  is  presen 
in  the  following  language  : 

^'The  view  that  I  am  endeavoring  to  elucidate  is  that,  during  a  i 
fatal  attack  of  one  of  the  specific  diseases,  the  cellular  elements  imphci 
which  do  not  succumb  to  the  destructive  influence  of  the  poison  acquii 
tolerance  to  this  poison  which  is  transmissible  to  their  pro^ny,  and  wl 
is  the  reason  of  the  exemption  which  the  individual  enjoys  from  fut 
attacks  of  the  same  disease.  '  * 

In  my  chapter  on  "Bacteria  in  Infectious  Diseases,"  in  "B 
teria/'  published  in  the  spring  of  1884,  but  placed  in  the  hands  of 
pubUshers.in  1883,  I  say: 

*'  It  may  be  that  the  true  explanation  of  the  immunity  afforded  by  a  n 
attack  of  an  infectious  eerm  disease  is  to  be  found  in  an  acquired  toleranc* 
the  action  of  a  chemical  poison  produced  by  the  microorganism,  and  coi 

Suent  ability  to  bring  the  resources  of  nature  to  bear  to  restrict  invasion 
tie  parasite.'' 

The  ''resources  of  nature"  are  referred  to  in  the  same  chapter 
follows  : 

*  *  The  hypothesis  of  Pasteur  would  account  for  the  fact  that  one  indi  vid 
suffers  a  severe  attack  and  another  a  mild  attack  of  an  infectious  disei 
after  being  subjected  to  the  influence  of  the  poison  under  identical  circi 
stances,  by  the  supposition  that  the  pabulum  required  for  the  developm 
of  this  particular  poison  is  more  abundant  in  the  body  of  one  indi  vid 
than  in  the  other.  The  explanation  which  seems  to  us  more  satisfactory 
that  the  vital  resistance  offei'ed  by  the  cellular  elements  in  the  bodies 
these  two  individuals  was  not  the  same  for  this  poison.  It  is  well  kno 
that  in  condit!ous  of  lowered  vitality  resulting  from  starvation,  prof 
discharges,  or  any  other  cause,  the  power  to  resist  disease  poisons  is  ig^rea 
diminisned,  and,  consequently,  that  the  susceptibility  of  the  same  Individ 
differs  at  different  times. 

**  From  our  point  of  view,  the  blood,  as  it  is  found  within  the  vessels  o 
living  animal,  is  not  simply  a  culture  fluid  maintained  at  a  fixed  tempe 
ture,  but  under  these  circumstances  is  a  tissue,  the  histological  elements 
which  present  a  certain  vital  resistance  to  pathogenic  organisms  which  n 
be  introduced  into  the  circulation. 

**  If  we  add  a  small  quantity  of  a  culture  fluid  containing  the  bacteria 
putrefaction  to  the  blood  of  an  animal,  withdrawn  from  the  circulation  ii 
a  proper  receptacle  and  maintained  in  a  culture  oven  at  blood  heat,  we  v 
flnd  tnat  these  bacteria  multiply  abundantly,  and  evidence  of  putrefact 

***  What  is  the  Explanation  of  the  Protection  from  Subsequent  Attacks,  res 
ing  from  an  Attack  of  Certain  Diseases,  etc  ?  '  American  Journal  of  the  Med 
Sciences,  April,  1881,  p.  370. 
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decomposition  will  soon  be  perceived.  But  if  we  inject  a  like  quantity  of 
the  culture  fluid  with  its  contained  bacteria  into  the  circulation  of  a  living 
animal,  not  only  does  no  increase  and  no  putrefactive  chanee  occur,  but  the 
bacteria  introduced  quickly  disap^r,  ana  at  the  end  of  an  hour  or  two  the 
most  careful  microscopical  examination  will  not  reveal  the  presence  of  a 
single  bacterium.  This  difference  we  ascribe  to  the  vital  properties  of  the 
fluid  as  contained  in  the  vessels  of  a  living  animal;  and  it  seems  probable 
that  the  little  masses  of  protoplasm  known  as  white  blood  corpuscles  are  the 
essential  histological  elements  of  the  blood,  so  far  as  any  manifestation  of 
vitality  is  concerned.  The  writer  haa  elsewhere  (1881)  suggeated  that  the 
disappearance  of  the  bacteria  from  the  circulation^  in  the  experiment 
referred  to,  may  he  effected  by  the  white  corpuscles,  which,  it  is  weU  known, 
pick  up,  after  tne  manner  of  amoebae,  any  particles,  organic  or  inorganic, 
which  come  in  their  way.  And  it  requires  no  great  stretch  of  credulity  to 
believe  that  they  may,  like  an  amoeba,  digest  and  assimilate  the  protoplasm 
of  the  captured  bacterium,  thus  putting  an  end  to  the  possibility  of  its  do% 
ing  any  harm. 

*'  In  the  case  of  a  pathogenic  orj^anism  we  may  ima^ne  that,  when  cap- 
tured in  this  way,  it  may  share  a  like  fate  if  the  captor  is  not  paralyzed  by 
some  potent  poison  evolved  by  it,  or  overwhelmed  by  its  superior  vigor  and 
rapid  multiplication.  In  the  latter  e^ent  the  active  career  of  our  conserva- 
tive white  corpuscle  would  be  quickly  terminated  and  its  protoplasm  would 
serve  as  food  for  the  enemy.  It  is  evident  that  in  a  contest  of  tnis  kind  the 
balance  of  power  would  depend  upon  circumstances  relating  to  the  inherited 
vital  characteristics  of  the  invading  parasite  and  of  the  invaded  leucocyte.^* 

In  the  same  chapter  the  writer  quotes  from  his  paper  on  acquired 
immunity,  published  in  1881,  as  follows  : 

"  The  ditficulties  into  which  this  hvpothesis  [the  exhaustion  theory  of  Pas- 
teur] hsads  us  certainly  justify  us  in  looking  further  for  an  explanation  of  the 
phenomena  in  question.  This  explanation  is,  I  believe,  to  be  found  in  the 
peculiar  properties  of  the  protoplasm,  which  is  the  essential  framework  of 
every  living  organism.  The  properties  referred  to  are  the  tolerance  which 
living  protoplasm  may  ac<iuire  to  certain  agents  which,  in  the  first  instance, 
have  an  injurious  or  even  fatal  influence  upon  its  vital  activity  ;  and  the 
property  which  it  possesses  of  transmitting  its  peculiar  qualities,  inherent  or 
acquired,  through  numerous  ^nerations,  to  its  offshoots  or  progeny. 

'Protoplasm  is  the  essential  living  portion  of  tlie  cellular  elements  of  ani- 
mal and  vegetable  tissues;  but  as  our  microscopical  analysis  of  the  tissues  has 
not  gone  beyond  the  cells  of  which  they  are  composed,  and  is  not  likely  to 
reveal  to  us  the  complicated  molecular  structure  of  the  protoplasm,  upon 
which,  possibly,  the  properties  under  consideration  depend,  it  will  be  hSest, 
for  the  present,  to  limit  ourselves  to  a  consideration  of  the  living  cells  of  the 
body.  These  cells  are  the  direct  descendants  of  the  pre-existent  cells,  and 
may  all  be  traced  back  to  the  sperm  cell  and  the  germ  cell  of  the  parents. 
N'ow,  the  view  which  I  am  endeavoring  to  elucidate  is  that,  during  a  non- 
fatal attack  of  one  of  the  specific  diseases,  the  cellular  elements  implicated, 
which  do  not  succumb  to  the  destructive  infiuence  of  the  poison,  acquire  a 
tolerance  to  this  poison  which  is  transmissible  to  their  progjeny,  and  which 
is  the  reason  of  the  exemption  which  the  individual  enjoys  from  future 
attacks  of  the  same  disease. 

'*  The  Imown  facts  in  regard  to  the  hereditary  transmis.sion  by  cells  of  ac- 
quired properties  make  it  easy  to  believe  in  the  transmission  of  such  a 
tolerance  as  we  imagine  to  be  acquired  during  the  attack ;  and  if  it  is  shown 
bv  analogy  that  there  is  nothing  improbable  in  the  hypothesis  that  such  a 
tolerance  is  acquired,  we  shall  have  a  rational  explanation,  not  of  hereditv 
and  of  the  mysterious  properties  of  protoplasm,  but  of  the  particular  result 
under  consideration.  The  transmission  of  acquired  properties  is  shown  in 
the  budding  and  grafting  of  choice  fruits  and  flowers,  produced  by  cultiva- 
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tion,  upon  the  wild  stock  from  which  they  originated.  The  acquired  proper- 
ties are  transmitted  indefinitely;  and  the  same  sap  which  on  one  twig  nour- 
ishes a  sour  crah  apple,  on  another  one  of  the  same  branch  is  elabora^tod  into 
a  delicious  pippin. 

**  The  tolerance  to  narcotics — opium  and  tobacco — and  to  corrosive  poisons 
— arsenic — which  results  from  a  gradual  increase  of  dose,  may  be  cited  as  an 
example  of  acquired  tolerance  by  living  protoplasm  to  poisons  which  at  the 
outset  would  have  been  fatal  in  much  smaller  doses. 

**  The  immunity  which  an  individual  enjoys  from  any  particular  disease 
must  be  looked  upon  as  a  power  of  resistance* possessed  by  the  cellular  ele- 
ments of  those  tissues  of  his  body  which  would  yield  to  the  poison  in  the 
case  of  an  unprotected  person." 

This  theory  of  immunity,  advanced  by  the  author  in  1881,  has 
received  considerable  support  from  investigations  made  since  that 
date,  and  especially  from  the  experimental  demonstration  by  Sal- 
mon, Boux,  and  others  that,  as  suggested  in  the  paper  from  which  I 
have  quoted,  immunity  may  result  from  the  introduction  into  the 
body  of  a  susceptible  animal  of  the  soluble  products  of  bacterial 
growth — ^filtered  cultures. 

The  theory  of  vital  resistance  to  the  toxic  products  evolved  by 
pathogenic  bacteria  is  also  supported  by  numerous  experiments 
which  show  that  natural  or  acquired  immunity  may  be  overcome 
when  these  toxic  products  are  introduced  in  excess,  or  when  the  vital 
resisting  power  of  the  animal  has  been  reduced  by  various  agencies. 

Thus  Bouchard  has  shown  that  very  small  doses  of  a  pure  culture 
of  the  Bacillus  pyocyanus  are  fatal  to  rabbits,  when  at  the  same  time 
a  considerable  quantity  of  a  filtered  culture  of  the  same  bacillus  is 
injected  into  a  vein.  The  animal  could  have  withstood  the  filtered 
culture  alone  or  the  bacilli  injected  beneath  its  skin ;  but  when  its 
vital  resisting  power  (paralysis  of  phagocytes  ?)  has  been  partially 
overcome  by  the  filtered  culture  injected  into  a  rem  the  bacilli  mul- 
tiply abundantly  and  a  fatal  result  follows. 

The  same  result  may  be  obtained  by  injecting  sterilized  cultures 
of  a  different  microorganism.  Thus  Roger  has  shown  that  the  rab- 
bit, which  has  a  natural  immunity  against  symptomatic  anthrax, 
succumbs  to  infection  when  inoculated  with  a  culture  of  the  bacillus 
of  this  disease,  if  at  the  same  time  it  receives  an  injection  of  a  ster- 
ilized or  non-sterilized  cxilture  of  Bacillus  prodig^osus. 

Monti  has  succeeded  in  killing  animals  with  old  and  attenuated 
cultures  of  the  Streptococcus  pyogenes  or  of  Staphylococcus  pyo- 
genes aureus,  by  injecting  at  the  same  time  a  culture  of  Proteus  vul- 
garis. A  similar  resxilt  may  be  obtained  by  subjecting  animals  to 
physical  agencies  which  reduce  the  vital  resisting  power  of  the  tis- 
sues. Thus  Nocard  and  Roux  found  by  experiment  that  an  attenu- 
ated culture  of  the  anthrax  bacillus,  which  was  not  fatal  to  guinea- 
pigs,  killed  these  animals  when  injected  into  the  muscles  of  the 
thigh  after  they  had  been  bruised  by  mechanical  violence.     Charrin 
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and  Roger  found  that  white  rats,  which  are  unsusceptible  to  anthrax^ 
became  infected  and  frequently  died  if  they  were  exhausted,  previous 
to  inoculation,  by  being  compelled  to  turn  a  revolving  wheel  for  a 
considerable  time.  Pasteur  found  by  experiment  that  fowls,  which 
have  a  natural  immunity  against  anthrax,  become  infected  and  per- 
ish if  they  are  subjected  to  artificial  refrigeration  after  inoculation. 
This  has  been  confirmed  by  the  more  recent  experiments  of  Wagner 
(1890).  According  to  Canalis  and  Morpurgo,  pigeons  which  are  en- 
feebled by  inanition  easily  contract  anthrax  as  a  result  of  inocula- 
tion. Arloing  states  that  sheep  which  have  been  freely  bled  con- 
tract anthrax  more  easily  than  others  ;  and  Serafini  found  that  when 
dc^  were  freely  bled  the  bacillus  of  Friedlander,  injected  into  the 
trachea  or  the  pleural  cavity,  entered  and  apparently  multiplied  to 
some  extent  in  the  blood,  whereas  without  such  previous  bleeding 
they  were  not  to  be  found  in  the  circulating  fluid. 

Again,  as  already  stated  in  a  previous  section,  the  simultaneous 
injection  of  certain  chemical  substances  overcomes  the  vital  resist- 
ing power  of  the  tissues  or  fluids  of  the  body  in  such  a  way  that 
infection  and  death  may  occur  as  a  result  of  inoculations  into  animals 
which  have  a  natural  or  acquired  immunity  £^ainst  the  pathogenic 
microdrganism  introduced.  Thus  Arloing,  Comevin,  and  Thomas 
have  shown  that  rabbits  succumb  to  symptomatic  anthrax  when  lac- 
tic acid  is  injected  at  the  same  time  with  the  bacillus  into  the  muscles. 
Xocard  and  Boux  have  obtained  the  same  result  by  injecting  various 
other  substances,  and  their  experiments  show  that  the  result  is  due 
to  the  injurious  effects  of  the  substance  injected  upon  the  tissues, 
and  not  to  an  increased  virulence  on  the  part  of  the  pathogenic  ba- 
ciUus.  The  experiments  of  Lao  are  of  a  similar  nature.  By  inject- 
ing phloridzin  into  rats  he  caused  them  to  lose  their  natural  immu- 
nity against  anthrax.  Certain  anoBsthetic  agents  have  also  been 
shown  to  produce  a  similar  result.  Platania  communicated  anthrax 
to  immune  animals — dogs,  frogs,  pigeons — ^by  bringing  them  under 
the  influence  of  curare,  chloral,  or  alcohol ;  and  Wagner  obtained  a 
similar  result  in  his  experiments  on  pigeons  to  which  he  had  admin- 
istered chloral. 

More  direct  experimental  evidence  in  favor  of  the  view  under  con- 
sideration is  that  obtained  by  Beumer  in  his  experiments  with  steril- 
ized cultures  of  the  typhoid  bacillus.  He  found  that  after  the  re- 
peated injection  of  non-lethal  doses  mice  were  able  to  resist  an 
amount  of  this  toxine  which  was  fatal  to  animals  of  the  same  spe- 
cies not  so  treated.  But,  on  the  other  hand,  Qamaleia  found,  in  his 
experiments  upon  guinea-pigs  which  had  been  made  immune  against 
the  pathogenic  action  of  a  spirillum,  called  by  him  Vibrio  Metschni- 
kovi,  that  these  animals  have  no  increased  tolerance  for  the  toxic 
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products  of  this  microorganism.  Although  immune  against  infe^ 
tion  by  the  living  microbe,  they  were  killed  by  the  same  quantity  ( 
a  sterilized  culture  as  was  fatal  to  guinea-pigs  which  had  not  bee 
rendered  immune. 

Charrin  has  obtained  similar  results  in  experiments  with  filtere 
cultures  of  Bacillus  pyocyanus.  Rabbits  which  had  an  artificij 
immunity  against  the  pathogenic  action  of  the  bacillus  were  kilk 
by  doses  of  a  sterilized  culture  such  as  were  fatal  to  other  rabbits  < 
the  same  size  not  immune.  In  subsequent  experiments  by  Charri 
and  Gameleia  "  vaccinated ''  rabbits  were  found  to  be  even  moi 
susceptible  to  the  toxic  action  of  filtered  cultures  than  were  thoj 
not  vaccinated.  Recently  (1891)  Metschnikoflf  has  followed  up  th 
line  of  experiment,  and  has  shown  that  when  considerable  amouni 
of  filtered  cultures  of  Bacillus  pyocyanus  are  injected  subcutaneous! 
in  rabbits  a  certain  tolerance  to  the  toxic  action  of  the  same  cu 
tures  is  established  in  some  instances.  But  his  results  do  not  gi\ 
any  substantial  suppori;  to  the  view  that  immunity  depends  upon  a 
acquired  tolerance  to  the  toxic  action  of  the  chemical  products  coi 
tained  in  cultures  of  the  pathogenic  bacteria  with  which  he  exper 
mented — Bacillus  pyocyanus  and  Vibrio  Metschnikovi. 

In  view  of  the  results  of  experimental  researches  above  recordec 
and  of  other  recent  experiments  which  show  that,  in  certain  cases  i 
least,  acquired  immunity  depends  upon  the  formation  of  an  ant 
toxine  in  the  body  of  the  immune  animal,  we  are  convinced  that  th 
theory  of  immunity  under  discussion,  first  proposed  by  the  writer  i 
1881,  cannot  be  accepted  as  a  sufficient  explanation  of  the  facts  i 
general.  At  the  same  time  we  are  inclined  to  attribute  considerabl 
importance  to  acquired  tolerance  to  the  toxic  products  of  pathc^eni 
bacteria  as  one  of  the  factors  by  which  recovery  from  an  inf ectiot 
disease  is  made  possible  and  subsequent  immunity  estabUshed. 

The  "  vital-resistance  theory  '^  of  the  present  writer,  as  set  fort 
in  the  above-quoted  extracts  from  his  published  papers,  is  essential] 
the  same  as  that  advocated  by  Buchner  at  a  later  date  (1883).  Bucl 
ner  supposes  that  during  the  primary  infection,  when  an  animal  r( 
covers,  a  "reactive  change^'  has  been  produced  in  the  cells  of  th 
body  which  enables  it  to  protect  itself  from  the  pathogenic  actio 
of  the  same  microorganism  when  subsequently  introduced. 

Of  course  when  we  ascribe  immunity  to  the  "  vital  resistance  "  i 
the  cellular  elements  of  the  body,  we  have  not  explained  tt 
modus  operandi  of  this  vital  resistance  or  "  reactive  change,^' bi 
have  simply  affirmed  that  the  phenomenon  in  question  depends  upo 
some  acquired  property  residing  in  the  living  cellular  elements  < 
the  body.  We  have  suggested  that  that  which  has  been  acquire 
is  a  tolerance  to  the  action  of  the  toxic  products  produced  by  path< 
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genie  bacteria.  But,  as  already  stated,  in  the  light  of  recent  experi- 
ments this  theory  now  appears  to  us  to  be  untenable  as  a  general 
explanation  of  acquired  immunity. 

The  Theory  of  Phagocytosis. — The  fact  that  in  certain  infectious 
diseases  due  to  bacteria  the  parasitic  invaders,  at  the  point  of  inocu- 
lation or  in  the  general  blood  current,  are  picked  up  by  the  leuco- 
cytes and  in  properly  stained  preparations  may  be  seen  in  their  in- 
terior, has  been  known  for  some  years.  In  mouse  septicaemia — ^an 
infectious  disease  described  by  Koch  in  his  work  on  "Traumatic 
Infectious  Diseases,"  published  in  1878 — ^the  slender  bacilli  which  are 
the  cause  of  the  disease  are  found  in  large  numbers  in  the  interior  of 
the  leucocytes.  Koch  says,  in  the  work  referred  to  :  "  Their  rela- 
tion to  the  white  blood  corpuscles  is  peculiar ;  they  penetrate  these 
and  multiply  in  their  interior.  One  often  finds  that  there  is 
hardly  a  single  white  corpuscle  in  the  interior  of  which  bacilli  can- 
not be  seen.     Many  corpuscles  contain  isolated  bacilli  only ;  others 


Fia.  78.— BacilliiB  of  mouse  septicemia  in  leacocytes  from  blood  of  mouse  fKoch). 

have  thick  masses  in  their  interior,  the  nucleus  being  still  recog- 
nizable ;  while  in  others  the  nucleus  can  be  no  longer  distinguished  ; 
and,  finally,  the  corpuscle  may  become  a  cluster  of  bacilli,  breaking 
up  at  the  margin — ^the  origin  of  which  one  could  not  have  explained 
had  there  been  no  opportunity  of  seeing  all  the  intermediate  steps 
between  the  intact  white  corpuscle  and  these  masses  "  (Fig.  78).  It 
will  be  noted  that  in  the  above  quotation  Koch  affirms  that  the 
bacilli  penetrate  the  leucocytes  and  multiply  in  their  interior.  Now, 
the  theory  of  phagocytosis  assumes  that  the  bacilli  are  picked  up  by 
the  leucocytes  and  destroyed  in  their  interior,  and  that  immunity  de- 
pends largely  upon  the  power  of  these  '*  phagocytes  "  to  capture  and 
destroy  living  pathogenic  bacilli. 

The  writer  suggested  this  as  an  hypothesis  as  long  ago  as  1881, 
in  a  paper  read  before  the  American  Association  for  the  Advance- 
ment of  Science,  in  the  following  language: 

"  It  has  occurred  to  me  that  possibly  the  white  corpuscles  may 
have  the  office  of  picking  up  and  digesting  bacterial  organisms  which 
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by  any  means  find  their  way  into  the  blood.  The  propensity  exhi 
ited  by  the  leucocytes  for  picking  up  inorganic  granules  is  w< 
known,  and  that  they  may  be  able  not  only  to  pick  up  but  to  assin 
late,  and  so  dispose  of,  the  bacteria  which  come  in  their  way,  dc 
not  seem  to  me  very  improbable,  in  view  of  the  fact  that  amoeb 
which  resemble  them  so  closely,  feed  upon  bacteria  and  similar  ( 
ganisms/*  * 

At  a  later  date  (1884)  Metschnikoflf  offered  experimental  e-' 
dence  in  favor  of  this  view,  and  the  explanation  suggested  in  t 
above  quotation  is  commonly  spoken  of  as  the  Metschnikoff  theor 

The  observations  which  first  led  Metschnikoflf  to  adopt  this  vie 
were  made  upon  a  species  of  daphnia  which  is  subject  to  fatal  infe 
tion  by  a  torula  resembling  the  yeast  fungus.  Entering  with  t 
food,  this  fungus  penetrates  the  walls  of  the  intestine  and  invades  t 
tissues.  In  certain  cases  the  infection  does  not  prove  fatal,  owing, 
Metschnikoflf  asserts,  to  the  fact  that  the  f imgus  cells  are  seized  up 
by  the  leucocytes,  which  appear  to  accumulate  around  the  invadii 
parasite  (chemiotaxis)  for  this  special  purpose.  If  they  are  succei 
f  ul  in  overpowering  and  destroying  the  parasite  the  animal  recover 
if  not,  it  succumbs  to  the  general  infection  which  results.  In  a  sin 
lar  manner,  Metschnikoflf  supposes,  pathogenic  bacteria  are  destroy* 
when  introduced  into  the  body  of  an  immune  animal.  The  colorle 
blood  corpuscles,  which  he  designates  phagocytes,  accumulate  at  tl 
point  of  invasion  and  pick  up  the  living  bacteria,  as  they  are  knov 
to  pick  up  inorganic  particles  injected  into  the  circulation.  So  f 
there  can  be  no  doubt  that  Metschnikoflf  is  right  The  presence 
bacteria  in  the  leucocytes  in  considerable  numbers,  both  at  the  poi 
of  inoculation  and  in  the  general  circulation,  has  been  repeated 
demonstrated  in  animals  inoculated  with  various  pathogenic  bacteri 
The  writer  observed  this  in  his  experiments,  made  in  1881,  in  whi( 
rabbits  were  inoculated  with  cultures  of  his  Micrococcus  Pasteur 
and  it  was  this  observation  which  led  him  to  suggest  the  theo: 
which  has  since  been  so  vigorously  supported  by  Metschnikoflf.  B 
the  presence  of  a  certain  number  of  bacteria  within  the  leucocyt 
does  not  prove  the  destructive  power  of  these  cells  for  living  path 
genie  organisms.  As  urged  by  Weigert,  Baumgarten,  and  othei 
it  may  be  that  the  bacteria  were  already  dead  when  they  were  pick< 
up,  having  been  destroyed  by  some  agency  outside  of  the  blood  cell 
As  heretofore  stated,  we  have  now  experimental  evidence  that  blo< 

1 "  A  Contribution  to  the  Study  of  Bacterial  Organisms  commonly  found  up 
Exposed  Mucous  Surfaces  and  in  the  Alimentary  Canal  of  Healthy  Individuals." 
lustrated  by  photomicrographs.    Proceedings  of  the  American  Association  for  A 
Tancement  of  Science,  1881,  Salem,  1882,  xxx.,  83-94.    Also  in  Studies  from  t 
Biological  Laboratory,  Johns  Hopkins  University,  Baltimore,  vol.  ii..  No.  2,  1883. 
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serum,  quite  independently  of  the  cellular  elements  contained  in  it 
in  the  circulation,  has  decided  germicidal  power  for  certain  patho- 
genic bacteria,  and  that  the  blood  serum  of  the  rat  and  other  animals 
which  have  a  natural  immunity  against  anthrax  is  especially  fatal 
to  the  anthrax  bacillus. 

Numerous  experiments  have  been  made  during  the  past  two  or 
three  years  with  a  view  to  determining  whether  pathogenic  bacteria 
are,  in  fact,  destroyed  within  the  leucocytes  after  being  picked  up, 
and  different  experimenters  have  arrived  at  different  conclusions. 
In  the  case  of  mouse  septicaemia,  already  alluded  to,  and  in  gonor- 
rhoea, one  would  be  disposed  to  decide,  from  the  appearance  and  ar- 
rangement of  the  pathogenic  bacteria  in  the  leucocytes,  that  they  are 
not  destroyed,  but  that,  on  the  other  hand,  they  multiply  in  the  in- 
terior of  these  cells,  which  in  the  end  succumb  to  this  parasitic  in- 
vasion. In  both  of  the  diseases  mentioned  we  find  leucocytes  so 
completely  filled  with  the  pathogenic  microorganisms  that  it  is  diflS- 
cult  to  believe  that  they  have  all  been  picked  up  by  a  voracious  pha- 
gocyte, which  has  stuffed  itself  to  repletion,  while  numerous  other 
leucocytes  from  the  same  source  and  in  the  same  microscopic  field  of 
view  have  failed  to  capture  a  single  bacillus  or  micrococcus.  More- 
over, the  staining  of  the  parasitic  invaders,  and  the  characteristic  ar- 
rai^ement  of  the  "  gonococcus  "  in  stained  preparations  of  gonorrhoeal 
pus,  indicate  that  their  vitality  has  not  been  destroyed  in  the  interior 
of  the  leucocytes  or  pus  cells,  and  we  can  scarcely  doubt  that  the 
large  number  found  in  certain  cells  is  due  to  multiplication  in  situ 
rather  than  to  an  unusual  activity  of  these  particular  cells.  But  in 
certain  infectious  diseases,  and  especially  in  anthrax,  the  bacilli  in- 
cluded within  the  leucocytes  often  give  evidence  of  degenerative 
changes,  which  would  support  the  view  that  they  are  destroyed  by 
the  leucocytes,  unless  these  changes  occurred  before  they  were  picked 
up,  as  is  maintained  by  Nuttall  and  others.  We  cannot  consider 
this  question  as  definitely  settled,  but,  in  view  of  the  importance 
attached  to  the  theory  of  phagocytosis  by  many  pathologists  and  bac- 
teriologists, we  reproduce  here  a  recent  paper  by  Metschnikoff  in 
which  his  views  are  fully  set  forth  : 

LECTURE  ON  PHAGOCYTOSIS  AND   IMMUNITY.* 

It  is  not  possible  to  study  the  bacteriolog^y  of  disease  without  noticing 
that,  while  in  many  cases  the  invading  microorganisms  are  to  be  found 
solely  in  the  fluids  of  the.  body,  in  not  a  few  affections  they  present  them- 
selves in  the  interior  of  certain  cells,  and  this  either  partially — some  being 
within  the  cells,  others  free  in  the  blood  plasma  and  the  lymph  that  bathes 
the  various  tissues— or  exclusively,  all  the  bacteria  that  are  visible  being 

»  Delivered  at  the  Institut  Pasteur,  December  29th.  1890,  by  Dr.  Elias  Metschni- 
koff. Chef  cie  Service  de  llnsiitut  Pasteur,  Paris  ;  late  Professor  of  Zoology  in  the 
University  of  Odessa. 
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intracellular.  Many  of  the  facts  bearing  upon  the  terms  of  this  relationsh 
between  tissue  cell  and  microorganism  are  now  well  known,  yet  it  is  wort 
while  to  recapitulate  the  more  important,  in  order  to  show  tnat  from  them 
is  possible  to  gain  a  general  law  ;  and  what  is  more,  that  from  a  study  < 
such  facts  some  insight  may  be  gained  into  the  phenomena  of  immunity. 

It  may,  in  the  first  place,  be  postulated  that  whenever  a  microorgaiiisi 
is  discoverable  within  a  cell  its  passage  thither  has  been  by  means  of  prot 
plasmic  or  amoeboid  movements,  either  on  the  part  of  the  microbe  or  of  tl 
cell  itself.  The  first  alternative  is  the  rarer,  altnough  it  certainly  exists,  an 
of  this  the  malarial  parasite  affords  an  excellent  example;  for  here  in  tl 
amoeboid  stage  of  its  existence  the  hsematozoon  makes  its  way  into  the  ii 
terior  of  a  cell  that  possesses  no  active  movements  of  its  own,  namely,  tl 
red  blood  corpuscle,  and  from  the  substance  of  this  corpuscle  the  parasii 
gains  its  nourishment.  Other  sporozoa  furnish  instances  almost  equall 
good.  More  commonly,  however,  as  in  the  case  of  all  bacteria,  where  w 
nave  to  deal  with  microor^^anisms  which,  even  when  mobile,  are  destitute  < 
protoplasmic  appenda^s,  it  is  the  cells  which  play  the  active  part ;  certai 
cells  include  the  parasites.  Of  such  the  amoebiform  leucocyte  of  the  blocj 
and  lymph  is  the  most  typical  example,  capable,  as  it  is,  of  sendins*  oi 
pseudopodia  in  all  directions,  wliile  a  closely  allied  form  is  the  cell  of  th 
splenic  nulp.  But  there  are  also  cells — as,  for  instance,  those  forming  th 
endothelial  lining  of  the  vessels — which  are  very  definitely  fixed,  whic 
nevertheless  can  give  off  protoplasmic  processes  from  their  free  surface  an 
so  capture  and  include  bacteria. 

All  these  may  be  spoken  oi  di&  phagocytes,  and  mav  be  divided  into  th 
two  broad  groups  oi  fixed  phagocytes  (endothelial  cells,  etc.)  and  free  (\e\ 
cocy  tes).  I^t  that  the  terms  *  *  phagocyte  "  and  *  *  leucocyte  "  are  synonymous 
for  of  the  latter  three  main  forms  may  be  distinguished,  of  which  one  i 
practically  immobile  and  never  takes  up  bacteria.  This  is  the  lymphocyte 
characterized  by  its  relatively  small  size,  its  large  single  nucleus,  and  th 
small  amount  of  surrounding  protoplasm.  The  two  remaining  (phagocytic 
forms  are,  firaty  the  large  uninuclear  leucocyte,  whose  prominent  nucleus  i 
at  times  lobed  or  reniform,  which  stains  well  with  aniline  dyes  and  possesse 
much  protoplasm  and  active  amoeboid  movements— the  macrop>hage — ^and 
secona,  the  microphagej  a  small  form,  also  staining  well,  but  either  multi 
nuclear  or  with  one  nucleus  in  the  process  of  breaking  up.  If  now  we  com 
pare  the  endothelial  cells  with  these,  it  is  evident  that  their  properties  con 
nectthem  closely  with  the  macrophage  ;  and,  in  fact,  there  is  now  little  o 
no  doubt  that  a  very  large  proportion  of  the  macrophages  are  of  endothelia 
orifiin. 

Lieavin^  aside  the  subject  of  amoeboid  microbes  and  their  life  within  ani 
mal  cells,  it  is  to  the  phagocytes  and  their  relation  to  the  bacteria  that  I  wisl 
specially  to  draw  your  attention. 

Taking  as  wide  a  view  as  possible  of  this  relationship,  we  can  first  deter 
mine  that  the  more  malignant  the  microorganism  the  rarer  is  its  present 
within  the  phagocyte.  Thus  in  those  which  of  all  diseases  are  tlie  mos 
rapidly  fatal — in  chicken  cholera  affecting  birds  and  rabbits,  in  hog  cholen 
C' cholera  des  pores  ")  given  to  pigeons  and  rabbits,  in  the  anthrax  of  mic< 
and  other  specially  sensitive  animals,  in  the  ''septicemie  vibriouienne"  o 
guinea-pigs  and  birds,  and  in  yet  other  diseases  of  peculiarly  swift  course— 
the  corresponding  bacteria  are  only  very  exceptionally  to  be  found  withii 
the  cells,  but  remain  free  in  the  neighborhood  of  their  introduction  anc 
thence  invade  the  blood.  For  all  the  above-mentioned  diseases  are  noi 
localized,  but,  on  the  contrary,  present  the  characters  of  general  acute  sep 
ticsemia,  causing[  death  within  twenty  to  thirty-six  hours,  or,  in  certair 
cases,  even  within  six  hours. 

And  when  we  pass  to  those  diseases  in  which  the  bacteria  are  to  be  founo 
either  in  part  or  almost  wholly  within  the  phagocytes,  the  same  law  still 
applies  ;  for  in  such  cases  the  disease  has  lost  its  suddenness,  tending  tc 
hive  a  slower  course,  or,  indeed,  to  be  of  a  chronic  nature.    Even  in  those 


Digitized  by  CjOOQIC 


SUSCEPTIBILITY  ANX>  IMMUNITY.  ,    249 

affections  in  which  an  acute  course  is  accompanied  by  considerable  phago- 
cytosis, the  fatal  termination  is  far  from  occurring  at  the  same  early  period 
as  in  the  diseases  recorded  above.  Thus  mouse  septicemia,  characterized  as 
it  is  by  frequent  intracellular  bacteria,  has  a  duration  in  the  mouse  two  and 
&  half  times  as  long  as  that  of  anthrax  in  the  same  animal.  But  in  general  a 
well-marked  pha^>cytosis  is  associated  with  diseases  presenting  an  essen- 
tially chronic  development;  it  is  in  affections  such  as  tuberculosis,  leprosy, 
rhinoscleroma,  glanders,  that  the  specific  bacteria  are  most  readily  taken  up 
by  the  phagocytes ;  it  is  here  that,  at  the  seat  of  the  disease,  we  meet  with  in- 
numerable macrophages— epithelioid  cells  in  which  lie  the  individual  micro- 
organisms. 

Further,  if  we  consider  the  phenomena  associated  with  the  resolution  of 
an  infectious  disease,  this  inverse  relationship  between  the  malignancy  of  the 
malady  and  the  occurrence  of  phagocytosis  is,  if  possible,  yet  more  clearly 
demonistrated.  Notice,  for  instance,  what  obtains  during  the  progress  of  re- 
lax)sing^  fever,  a  malady  still  fairly  common  in  Russia  and  other  Sclavonic 
countries,  and  one  which,  while  1  ' 


J  many  difficulties  to  the  bacteri- 
ologist, in  that  the  specific  spirocKsete  has  so  far  resisted  cultivation,  and  in 
that  it  cannot  be  communicated  to  the  ordinary  animals  of  the  laboratory,  is 
nevertheless  in  many  respects  not  ill  -adapted  for  our  present  purpose.  Here^ 
during  the  sudden  access  of  the  fever,  the  spirilla  are  present  in  the  blood  in, 
enormous  numbers;  they  all  are  free  in  the  plasma,  and  not  a  single  intra- 
cellular spirillum  is  to  be  met  with.  During  the  apyretic  sta^e  (and  in  the 
monkey  this  is,  at  the  same  time,  the  stage  of  resolution)  not  a  single  free  spiril- 
lum is  discoverable  in  the  blood,  while  the  phagocytes  of  the  spleen  contain 
the  microbes.  The  like  phenomena  repeat  themselves  in  all  those  cases  where 
it  is  possible  to  follow  the  fate  of  the  microorganisms  of  acute  disease  during 
ihe  stage  of  recovery.  Thus  rats  and  pigeons  very  frequently  survive  an 
attack  of  anthrax,  and,  where  this  occurs,  the  bacteria,  which  ^t  the  com- 
mencement of  the  disease  were  for  the  most  part  free,  now,  dunng  resolution, 
are  for  the  most  part  included  within  leucocytes  ana  splenic  phagocytes. 

Nor  is  this  all.  Analogous  phenomena  as  a  rule  attend  immunity,  which 
most  often  is  but  recovery  in  operation  from  the  very  onset  of  a  disease 
The  more  closely  one  studies  this  condition  of  immunity  the  more  is  one  led 
to  the  conviction  that  immunity  and  recovery  are  very  intimately  con- 
nected; that  one  can  pass  by  slight  gradations  from  the  resolution  of  disease 
to  the  production  of  immunity.  So  it  is  that,  in  inoculating  refractory  ani- 
mals with  the  microbe  to  whose  action  they  have  been  rendered  immune,  it 
is  found  that  the  parasite  begins  to  develop,  but  that  from  the  onset  a  reac- 
Hon  on  the  part  of  the  organism  shows  itself  accompanied  by  a  considerable 
emigration  of  leucocytes,  which  soon  include  the  bacteria  in  great  numbers. 

This  relationship  of  phagocytosis  to  acquired  immunity  is  in  the  highest 
degree  instructive.  Where  a  given  species  of  animal  is  specially  sensitive 
to  the  onslaught  of  one  or  other  microorganism,  there,  dunng  the  course  of 
the  disease,  the  phagocvtes  are  inoperative,  including  none,  or  almost  none, 
of  the  bacteria.  On  the  other  hand,  when  by  previous  vaccination  these 
animals  have  been  rendered  refractory,  their  phagocytes  have  acquired  the 
property  of  including  the  same  bacteria.  As  an  example  of  this  I  may  cite 
the  action  of  the  bacillus  of  anthrax  and  of  the  Vibno  Metschniko^i.  In 
ordinarv  rabbits  the  development  of  anthrax  is  only  followed  by  a  very 
feeble  phagocytosis,  while  in  vaccinated  rabbits  this  pha^cytosis  is  very  ex- 
tensive. Corresponding  but  yet  more  strongly  marked  differences  are  to  be 
made  out  between  the  unvaccinated  guinea-pig— an  animal  most  readily 
affected  by  the  vibrionic  septicaBmia — and  the  guinea-pig  vaccinated  against 
the  same;  after  inoculation  with  the  Vibrio  Metschnikovi  none  of  the  vibrios 
are  to  be  found  in  the  cells  of  the  former;  in  the  latter  the  phagocytes  are 
simply  replete  with  the  microbes. 

The  facts  enumerated  thus  far  would  seem  to  prove  that  there  exists  a 
certain  antagonism  between  vhe  microbes  and  the  phagocytes,  and  this  view 
is  confirmed  by  the  fact  that  in  general  the  microbes  find  the  interior  of  the 
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phagocytes  an  unfavorable  medium  for  their  development  and  contin' 
existence.  Very  often  it  is  possible  to  determine  absolutely  that  the  paras 
are  killed  within  the  phagocytes ;  after  inoculating  refractory  aninmls  in 
bacteria,  an  afflux  of  white  corpuscles  toward  the  region  of  inoculation, 
lowed  by  the  inclusion  of  the  bacteria  and  by  their  death,  is  seen  to  occ 
These  stages  can  be  well  followed  where  the  anthrax  bacilli  are  taken  i 
the  phagocytes  of  animals  that  are,  or  have  been  rendered,  immune.  Tl 
occur  also  with  a  long  series  of  other  microorganisms  studied  in  this  com 
tion,  and,  among  others,  in  the  case  of  the  tubercle  bacillus  invading  anin: 
that  are  more  or  less  resistant.  The  giant  cells  of  tuberculosis  are,  in  ft 
hu^  multinuclear  phagocytes,  and  here  the  intracellular  destruction  of 
bacilli  is  the  more  clearly  demonstrable,  inasmuch  as  the  microor^anis 
exhibit  such  very  evident  signs  of  de^neration ;  the  bacilli  swell,  uieir 
veloping  membrane  becomes  much  thickened  and  highly  refractive,  and 
time  the  contents  lose  their  power  of  fixing  the  staining  material,  so  th 
eventually,  nothing  is  left  but  slightly  y^lowish  forms,  recalline,  in  j 
portions  and  position,  the  enlarged  bacilli ;  and  these  shadowy  bodies  ui 
mto  small  masses  of  an  amber-like  appearance.  Analogous  transformati^ 
never  being  observable  outside  the  phagocytes — that  is  to  say,  either  in  c 
tures  or  in  caseatiiig  masses— these  changes  may  well  be  regarded  as  due 
a  specific  action  upon  the  part  of  the  fi^ant  cells. 

The  broad  fact  that  the  invasion  of  the  organism  by  microbes  most  of 
induces,  on  the  one  hand,  an  inflammatory  reaction  with  its  associated  ei 
gration  of  leucocytes,  and  that,  on  the  other  hand,  the  phagocytes 
capable  of  including  and  destroying  the  invaders,  leads  us  to  admit  that 
afiux  of  phagocytes  to  the  intxided  region,  and  their  hactericiddlpropertx 
are  mechanis^na  which  serve  to  uxird  off  hacteHal  attack  and  to  maintain 
integrity  of  the  organism.  Where  the  phagocytes  do  not,  either  immediat 
or  efventually,  intervene,  but  leave  the  field  free  to  the  microbes,  these  1 
multiply  without  hindrance  and  succeed  in  killing  the  animal  within,  it  nc 
be,  an  excessively  short  period.  Thus  the  microorganism  of  hog  chole 
which  is  left  quite  untouched,  kills  the  pigeon  in  the  course  of  a  few  ho 
— often  within  ^ve  hours  after  inoculation;  chicken  cholera  kills  not  oi 
pigeons  but  also  rabbits  in  an  equally  short  period.  In  other  diseases 
which  the  phagocytes  appear  upon  the  scene  in  relatively  large  numbc 
and  even  include  the  microor^nisms,  the  latter  gain  the  day  whenever  a 
wherever  the  phagocytes  are  incapable  of  destroying  them  or  of  prevent! 
their  growth. 

This  manifest  bactericidal  action  is  to  be  compared  with  the  phenomc 
of  intracellular  digestion  characteristic  of  amoeboid  cells  in  general,  and 
leucocytes  and  other  microbic  phagocytes  in  particular.  These  cells  hi 
the  power  of  digesting  with  ease  i^  corpuscles  and  other  organized  c 
ments,  just  as  have  the  amoebae  proper  and  other  protozoa.  Among  th 
last  are  many  which  have  been  found  to  include  and  transform  bacteria 
exactly  the  same  way  as  do  the  phagocy^s  of  the  higher  animals. 

Now,  in  determining  the  intervention  or  non-intervention  of  the  leui 
cytes  in  this  war  between  the  organism  and  the  bacteria,  a  very  great  p 
is  played  by  the  sensitiveness  of  these  cells  to  external  influences,  and 
pecially  to  the  chemical  composition  of  their  environment.  The  leucocy 
are  powerfully  attracted  by  many  microorganisms  and  the  resultants 
their  growth,  and  as  powerfully  repelled  by  others  and  their  resultants,  ( 
as  it  IS  expressed,  they  have  a  positive  chemiotaxis  for  certain  microbes 
negative  chemiotaxis  for  others.  The  existence  of  these  chemiotactic  p 
perties  has  been  so  clearly  proved  of  late  by  the  researches  of  Leber,  Mj 
sart  and  Bordet,  and  Gabritschevski  that  I  need  not  enter  into  a  fuller  < 
planation  of  the  subject  here.  Where  riegative  chemiotaxis  manifests  it« 
there,  being  shunned  by  the  white  corpuscles,  the  parasites  freely  propag 
themselves  and  induce  the  death  of  their  host.  Nevertheless  this  chem 
taxis  is  not  immutable,  and  the  cells  can  become  accustomed  to  substan< 
from  which  they  shrank  at  first-— a  negative  may  thus  be  transformed  int 
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positive  cbemiotactic  state.  Such  obtains  in  acquired  immunity  ;  the  cells 
which  in  the  unvaccinated  animal  never  included  the  bacteria,  now  in  the 
vaccinated  take  them  up  readily.  .  .  . 

There  is  not  a  single  portion  of  the  theory  which  I  have  just  expounded 
but  has  encountered  a  hvely  opposition.  Even  the  fundamental  fact  that 
the  phagocytes  are  capable  of  including  the  microbes  has  had  doubts  thrown 
upoa  it ;  it  has  been  held  that  the  latter  insinuate  themselves  into  the  for- 
mer. Only  after  successive  series  of  observations  upon  the  phagocytes  and 
the  living  microbes  has  it  been  proved  that  assuredly  it  is  the  phagocytes 
which,  bv  the  aid  of  their  pseudopodia,  themselves  include  the  microorgan- 
isms. The  observer  can  see  the  whole  process  in  the  case  of  immobile  ba- 
cilli— can  see  the  leucocyte  approach,  send  out  pseudopodia,  and  gradually 
include  the  individual  bacillus.  Or,  conversely,  in  cases  of  negative  che- 
miotaxis,  one  can,  in  blood  taken  from  the  monkey  during  the  access  of  re- 
lapsing fever,  observe  the  actively  moving  spirilla  come  into  contact  with  a 
leucocyte,  and  even  become  attaclied  bjr  one  end  to  its  surface  ;  yet,  how- 
ever active  the  movement,  one  never  finds  that  the  spirillum  succeeds  in 
piercing  the  surface  and  gaining  an  entrance.  If  it  be  suggested  that  this- 
entry  may  take  place  in  consequence  of  the  force  of  active  growth  and  elon- 
gation of  bacilli,  then,  apart  fi*om  the  fact  that  here  but  one  set  of  cases  is 
embraced,  it  can  be  determined  that  this  force  is  too  feeble — it  can  be  seen 
that,  during  the  active  growth  of  the  anthrax  organism  in  the  blood,  the 
elongating  chains  of  bacilli  curve  in  and  out  between  the  corpuscles,  but 
never  penetrate  the  cells. 

From  another  side  the  objection  has  been  formulated  that  in  many  cases 
the  or0a.nism  gets  rid  of  its  invaders  without  the  aid  of  the  phagocytes. 
According  to  those  who  support  this  objection,  this  happens  in  the  anthrax 
of  pigwns  (Czaplewski^  and  of  refractory  rats  (B^hrin^,  Franck),  in  symp- 
tomatic anthrax  of  various  refractory  animals  (Rogowicz),  and  in  the  septi- 
caemia of  vaccinated  ^ineapigs,  due  to  the  Vibrio  Metschnikovi  (R.  Pfeif- 
fer).  A  reexamination  of  the  cases  here  adduced  has,  however,  shown 
that  in  each  a  very  considerable  phagocytosis  can  be  proved,  and  that  the 
negative  results  of  the  above  observers  have  been  due  to  insufficient  methods 
of  observation. 

While  accepting  that  the  phagocvtes  do  truly  absorb  the  microorgan- 
isms, other  opponents  of  the  tneory  have  urged  that  these  cells  are  only 
capable  of  including  microorganisms  already  killed  by  other  means,  and 
that  living  microbes  are  solely  to  be  found  within  the  cells  in  those  cases 
where  there  has  been  a  fatal  ending— in  tuberculosis,  mouse  septicaemia,^and 
so  on.  Against  this  may  be  brought  the  fact  determined  by  Lubarsch,  that 
the  phagoc3rtes  of  several  animals,  refractory  to  anthrax,  take  up  living  ba- 
cilli that  have  been  injected,  with  greater  eagerness  than  they  include  uiose 
which  have  been  killed  before  injection.  But,  further,  this  obiection  may 
be  disposed  of  b^  direct  olffiervation  of  bacteria  undergoing  development 
from  within  the  interior  of  phagocytes  after  the  latter  have  been  destroyed 
by  a  substance  which  is  at  the  same  time  a  favorable  medium  for  bacterial 
growth — ^as,  for  instance,  beef  broth.  Such  observations  have  been  mad& 
upon  pigeons  rendered  immune  to  anthrax. 

During  the  last  year  or  two  great  stress  has  been  laid  upon  the  fact  that 
the  body  humors  themselves  possess  most  marked  bactericidal  properties, 
and,  in  fact,  a^nst  the  theory  of  phagocvtosis  has  been  brought  another, 
baned  upon  this  power  of  the  humors  to  destrov  the  microorganisms.  Ob- 
server after  observer  has  remarked  that  in  blood  plasma,  defibrinated  blood, 
blood  serum,  and  in  the  blood  as  a  whole,  in  the  removed  aqueous  humor 
and  other  fluids  and  exudations  of  the  body,  many  species  of  bacteria  perish 
after  a  longer  or  shorter  interval ;  and  forthwith  an  endeavor  has  been 
made  to  find  in  these  facts  some  elucidation  of  the  phenomena  of  immunity. 
Yet  the  more  deeply  one  examines  into  the  question  the  more  one  is  con- 
vinced that  no  relationship  exists  between  the  two.  Thus  it  happens  often 
that  the  bactericidal  property  is  more  developed  in  susceptible  species  than 
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in  refractory  ;  so,  with  re^rd  to  the  anthrax  bacilli,  in  the  very  sensiti 
rabbit  the  bactericidal  properties  of  the  humors  are  more  pronounced  th; 
they  are  in  the  refractory  dog ;  and  Behring  and  Nissen,  the  two  who  i 
most  simultaneously  iirst  drew  our  attention  to  these  phenomena,  in  th< 
combined  research,  recently  published,  admit  that,  as  against  the  bactei 
of  anthrax,  pneumonia,  and  diphtheria,  this  bactericidal  property  exists 
the  same  decree  in  the  juices  or  animals  of  the  same  species,  whether  th 
be  susceptible  or  have  oeen  rendered  immune.  Often,  again,  it  has  be 
determined  that  the  blood  removed  from  the  organism  has  a  gi*eater  pow 
of  destroying  bacteria  than  it  has  within  the  organism.  A  small  quanti 
of  blood  withdrawn  from  the  body  will,  in  certain  instances,  kill  a  mass 
bacilli  greater  than  that  which,  injected  into  the  circulation,  would  ine^ 
tably  cause  death.  Evidently,  therefore,  in  this  bactericidal  influence  exti 
vascular  phenomena  enact  an  important  role — phenomena,  that  is,  whi 
have  no  connection  with  what  occurs  in  the  livinff  refractory  organism. 

From  another  point  of  view  strong  arguments  nave  been  directed  agaii 
this  theory  of  the  tissue  fluids.  It  iias  been  shown,  especially  by  the  i 
searches  of  M.  Haffkine,  that  the  death  of  the  bacteria  transported  into  c 
ganic  fluids  is  largely  due  to  the  sudden  change  of  medium,  and  that, 
passing  from  one  medium  to  another  by  successive  slight  modifications 
the  fluid  of  growth,  it  is  easy  to  make  bacteria  live  in  fluids  which,  wh 
the  change  of  environment  lias  been  abrupt,  swiftly  lead  to  their  destri 
tion. 

In  order  to  gain  an  idea  as  to  the  part  played  in  the  refractory  animal  1 
the  fluids  and  the  phagocytes  respectively,  the  endeavor  has  been  made 
(separate  the  two  by  placing  under  the  skin  of  f roffs  (which  are  natural 
immune  to  anthrax)  minute  packets  formed  of  fllter  paper  or  of  aninc 
membrane,  and  coutainifig  the  bacilli.  The  paper,  wnile  permitting  t 
pass€ige  of  fluid,  wat*ds  off  the  wandering  amoeboid  cells  for  a  certain  tin 
Shielded  in  this  wav  from  the  phagocytes,  though  exposed  to  the  action 
the  juices,  the  bacilli  grow  well  and  produce  the  characteristic  felted  mi 
of  anthrax  fllaments.  Baumgarten  has  not  been  able  to  conflrm  this  expe 
ment,  but  Hueppe  and  Lubarsch  have  repeatedly  verified  it. 

But  it  is  not  even  necessary  to  take  these  precautions  in  order  to  assu 
one^s  self  that  anthrax  spores  germinate  in  the  juices  of  refractory  anima 
Recently,  for  instance,  M.  Trapeznikoff  has  found  that,  when  these  spoi 
are  injected  into  the  dorsal  lymph  sac  of  the  frog,  they  constantly  tend 
develop  into  bacilli,  whose  further  growth  is  stopped  by  the  phagocyte 
which  include  them,  along  with  such  spores  as  have  not  had  time  to  gerr 
nate.  Eventually  the  bacilli  so  absorbiBd  are  digested  by  their  hosts,  wh 
the  included  spores  remain  intact,  although  incapable  of  giving  birth 
bacilli  for  so  long  a  time  as  the  phagocytes  remain  alive.  And  I  might  e 
duce  other  similar  cases.  Such  a  comparative  examination  proves  that 
the  living  body  the  bactericidal  property  resides  in  the  phagocytes  and  r 
in  the  fluids. 

Still,  it  may  be  urged  that  possibly  these  cells,  which  can  thus  devour  a; 
destroy  the  living  microbes,  are  only  in  a  position  to  attack  bacteria  whc 
virulence  has  already  been  lessened  by  other  means.  Were  this  so,  the  e 
crobes  present  in  a  refractory  organism  should  behave,  not  like  parasit 
but  as  simple,  inoffensive  saprophvtes.  Hence  these  microbes — powerh 
to  produce  upon  a  I'efractory  soil  ttie  toxic  substances  which  render  the 
pathogenic  and  dau^rous — should  easily  be  included  and  destroyed; 
that,  according  to  this  hypotliesis,  which  has  freauently  been  brought  f< 
ward,  the  phagocytes  play  a  purely  secondary  and  dependent  part,  waitii 
until  the  microbes  are  weakened  before  they  seize  upon  them.  In  favor 
this  view  the  fact  has  been  cited  that  certain  microorganisms  cultivated 
the  blood,  or  serum,  of  vaccinated  animals  become  attenuated,  so  that  th 
no  longer  induce  a  fatal  disease.  The  Bacillus  anthracis  frown  in  the  bio 
of  vaccinated  slieep  no  longer  kills  rabbits,  and,  according  to  Roger,  t 
Streptococcus  erysipelatos  grown  in  the  blood  of  vaccinated  rabbits  or 
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occasions  a  slight  and  passing  disturbance  in  susceptible  members  of  the 
same  species.  But  here  again  we  are  dealing  with  fluids  withdrawn  from 
the  body,  and  so  modified  in  various  ways.  Let  us  make  an  observation 
more  strictly  to  the  point.  Take,  for  instance,  a  rabbit  vaccinated  against 
anthrax  and  inoculate  it  with  anthrax  bacilli,  thus  allowing  these  to  exist 
directly  within  the  refractory  organism.  Such  bacilli  as  are  not  destroyed 
preserve  their  virulence  for  a  sutficiently  long  period,  and  it  is  possible  to 
iill  a  guinea-pig  with  a  drop  of  exudation,  taken  from  the  region  of  injection 
thirty  hours  aitsr  subcutaneous  inoculation,  eight  days  after  inoculation 
into  the  anterior  chamber  of  the  eye.  A  sojourn  of  so  long  duration  within 
the  vaccinated  organism,  then,  has  not  deprived  the  microbes  of  their  viru- 
lence, although  twenty-four  hours  suffice  to  completely  attenuate  the 
bacOli  cultivated  in  the  removed  blood  of  vaccinated  sheep. 

Tears  ago  it  was  established  in  M.  Pasteur's  laboratory  that  the  refrac- 
tory organism,  instead  of  being  an  unfavorable  soil  for  the  preservation  of 
virulence,  tends  the  rather  to  reinforce  this  property.  To  exalt  the  viru- 
lence of  an  attenuated  microor^nism,  one  always  employs,  not  animals 
very  susceptible  to  the  specific  disease,  out  those  which  are  slightly  suscep- 
tible, or  it  may  be,  under  many  circumstances,  refractory.  In  this  manner 
the  most  active  anthrax  virus  has  usually  been  obtained  by  passage  through 
birds,  notablv  fowls  ;  the  greatest  virulence  of  chicken  cholera  was  gained 
by  passage  through  the  vaccinated  cock ;  and  quite  recently  M.  Malm  has 
shown  that  passage  of  the  anthrax  bacillus  through  the  organisms  of  dogs, 
which  of  all  mammals  are  the^most  refractory  in  this  respect,  increases  its 
virulence  in  a  most  remarkable  manner,  so  that  the  general  law  may  be  laid 
down  that  an  organism  which  is  but  slightly  susceptible  or  is  refractory  is 
able  not  only  to  preserve,  but  even  to  exalt,  the  virulence  of  bacteria.  The 
principal  argument  in  favor  of  the  hypothesis  that  patho^nic  microor- 
ganisms become  simple  inoffensive  saprophytes  when  they  find  themselves 
m  a  refractory  re^on,  loses  therefore  its  raison  d'etre, 

M.  Bouchard,  m  his  objection  to  the  theory  of  phagocytosis,  may  be  re- 
garded as  introducing  but  a  modification  of  this  hypothesis.  He  holds  that 
pathogenic  bacteria  placed  under  favorable  conditions  &^ve  rise  to  substances 
which  hinder  the  inflammatory  process,  and  that  only  when  these  inhibi- 
tory substances  are  inadequately  represented  do  the  cells  intervene.  When, 
therefore,  the  organism  rendered  refractory  by  vaccination  becomes  an  un- 
favorable soil  for  the  production  of  these  inhibitory  bodies,  the  bacteria  can 
no  longer  prevent  the  inflammatory  reaction  ;  free  emigration  of  the  leuco- 
cytes ensues,  these  cells  seize  upon  the  impotent  microbes  and  put  a  stop  to 
tneir  further  growth.  In  this  theory  the  part  played  by  the  phagocytes  is 
again  secondary,  depending  upon  a  dearth  of  anti-inflammatory  substance. 

If  the  theory  could  be  accepted  in  certain  cases,  it  is  nevertheless  inap- 
plicable as  a  general  rule.  In  all  those  affections  which  are  characterized  by 
the  absence  of  leucocytes  upon  the  field  of  battle  there  is  certainly  no  lack 
of  inflammation.  The  very  reverse  obtains.  In  anthrax  affecting  small 
mammals,  just  as  in  the  vibrionic  septicaemia  of  pigeons  and  guinea-pigs,  and 
other  analogous  diseases,  we  find  that  there  is  a  very  distinct  dilatation  of 
the  vessels,  accom{)anied  by  great  exudation  ;  the  inflammatory  reaction  is 
well  marked ;  nothing  is  wanting  save  the  determination  of  the  white  cor- 
puscles. Or,  employing  yet  further  that  affection  which  is,  as  it  were,  the 
touchstone  of  the  bacteriologist,  a  still  clearer  proof  of  our  contention  is  to 
be  gained  if  we  inoculate  a  rabbit  on  the  one  ear  with  a  small  quantity  of 
virulent,  on  the  other  with  a  like  quantity  of  attenuated,  anthrax  virus.  In 
the  course  of  a  few  hours  the  external  signs  of  inflammation  are  far  more 
conspicuous  in  the  former  ;  the  vessels  are  greatly  enlarged  and  there  is 
literally  a  hu^  exudation  of  clear  serous  fluid  into  the  part ;  in  the  latter 
the  external  signs  are  less  promuient,  but  examination  of  the  seat  of  inocu- 
lation shows  it  to  be  packed  with  leucocytes.  Ck)nsequently,  the  phenome- 
non we  are  discussing  is  to  be  explained,  not  by  an  absence  of  the  inflamma- 
tory process,  but  much  more  satisfactorily  by  a  negative  chemiotaxis  of  the 
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leucocytes,  which,  instead  of  being  attracted  hv  the  bacterial  products, 
repelled  ;  where  the  animal  is  vaccinated  or  refractory  a  much  slighter 
fiammation  is  sufficient  to  produce  an  abundant  emigration  of  the 
oocytes. 

Recently  Behring  has  broufi^ht  forward  another  view  which  would 
plain  immunity  in  a  wholly  different  way.  According  to  him,  the  ' 
teria  can  live,  and  even  preserve  their  virulence,  in  the  refractory  oi^ganj 
but  the  toxines  excreted  by  them  now  undergo  a  modification  so  as  t< 
rendered  completely  inotfensive  for  the  animal.  And  to  this  *'tozi 
property  **  of  the  or^nism  is  to  be  attributed  the  essential  quality  of 
immune  state.  It  is  impossible  to  pronounce  upon  the  arguments  that  I 
led  up  to  this  theory,  for  as  yet  they  have  not  been  circumstantially 
forth ;  but  already  one  can  declare  that  such  a  theory  is  in  no  wise  applies 
to  the  phenomena  of  immunity  in  general.  In  three  diseases  remark 
for  their  pronounced  toxic  character — vibrionic  septicaemia,  pyocyanic 
•ease,  and  nog  cholera  affecting  the  rabbit— as  shown  by  the  experiment 
Oharrin,  Gkmial^ia,  and  Selander,  the  toxines  are  so  little  attacked  by  th< 
fractory  organism  that  the  same  quantity  of  these  substances  (freed  f i 
bacteria)  suffices  to  kill  an  animal  very  susceptible  to  one  or  other  dise 
and  an  animal  vaccinated  against  it  and  thus  completely  immune.  So, 
non-fatal  doses  of  these  toxines  produce  in  animals  of  the  two  categories 
same  febrile  and  inflammatory  reactions.  The  proof  is  clear  that  were  i 
special  destruction  of  toxines  in  the  refractory  animal,  and  that  the  *'  toxi 
property,"  if  it  exists,  is  not  one  whit  more  developed  after  vaccination  t 
before.  Passing  in  review  all  these  counter  theories,  we  see  that  eacl 
them  can  only  be  applied  to  a  certain  number  of  facts  ;  in  some  an  attc 
atin^  or  even  bactericidal  influence  of  the  juices  is  relied  upon,  in  others 
anti-inflammatory  action,  in  yet  others  a  toxicide  property.  Still  the  ] 
gocytic  reaction  is  the  only  constant  in  all  those  cases  of  immunity- 
recovery  that  have  as  yet  been  sufficiently  studied,  and  while  certain  of 
factors  mentioned  (the  attenuating  and  toxicide  properties)  do  not  in 
least  touch  upon  the  continued  existence  or  otherwise  of  the  microorgani 
the  bactericicud  power  of  the  phagocyte  puts  an  end  to  the  parasite  itself, 
thus  at  a  given  moment  prevents  further  manifestation  of  its  virulence 
preserves  the  animal  attacked  at  a  time  when  the  toxicide  properties  woul 
found  wanting,  and  the  microbe  remaining  alive  would  consequently  g 
the  upper  hand. 

But  while  thus  placing  before  you  the  important  part  played  by  the  i 
gocytes,  I  do  not  wish  it  to  be  thought  that  these  cells  are  unaidea  in  tl 
contest  by  other  defensive  means  possessed  by  the  organism.  This  is 
from  being  my  view.  Thus,  in  the  febrile  reaction,  we  see  a  puissant  au 
iary  very  definitely  favoring  the  work  of  the  phagocytes.  This  febrile 
action  has  only  to  be  inhibited— as  was  done  by  M.  Pasteur  in  the  anth 
of  fowls — ^and  animals  naturally  refractory  to  the  affection  succumb  to 
ravages  of  the  bacilli.  It  is  not  possible  at  the  present  time  to  state  fi 
and  accurately  all  these  influences  which  are  associated  in  aiding  plu 
cytic  action,  but  already  we  have  the  right  to  maintain  that,  in  me  pi 
erty  of  its  amoeboid  cells  to  include  and  to  destroy  microorganisms, 
animal  body  posf^esses  a  formidable  means  of  resistance  and  deft 
ajainst  these  infectious  agents,^ 

We  are  disposed  to  agree  with  Metschnikoff  in  his  final  con< 
sion,  as  above  stated  in  italics.  But  in  view  of  experimental  i 
dence,  to  be  referred  to  later,  we  cannot  accept  the  so-called  Met^ 
nikoff  theory  as  a  sufficient  explanation  for  the  facts  relating 
natural  and  acquired  immunity  in  general,  and  must  regard  pha 
cytosis  simply  as  a  factor  which,  in  certain  infectious  diseases, 
1  From  the  British  Medical  Journal. 
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pears  to  play  an  important  part  in  enabling  immune  animals  to  resist 
invasion  by  pathogenic  bacteria. 

GK)ing  back  to  the  demonstrated  fact  that  susceptible  animals  may 
be  made  immune  by  inoculating  them  with  the  toxic  products  pro- 
duced during  the  growth  of  certain  pathogenic  bacteria,  we  may 
suppose  either  that  immunity  results  from  the  continued  presence  of 
these  toxic  products  in  the  body  of  the  inoculated  animal,  or  from  a 
tolerance  acquired  at  the  time  of  the  inoculation  and  subsequently 
i^tained — ^by  transmission  from  cell  to  cell,  as  heretofore  suggested. 
Under  the  first  hypothesis — ^retention  theory — immunity  may  be  ex- 
plained as  due  to  a  continued  tolerance  on  the  part  of  the  cellular  ele- 
ments of  the  body  to  the  toxic  substances  introduced  and  retained ; 
or  to  the  effect  of  these  retained  toxic  products  in  destroying  the 
pathc^^nic  bacteria,  or  in  neutralizing  their  products  when  these  are 
subsequently  introduced  into  the  body  of  the  immune  animal.  We 
cannot  imderstand  how  toxic  substances  introduced  in  the  first  in- 
stance can  neutralize  substances  of  the  same  kind  introduced  at  a 
later  date.  There  is  something  in  the  blood  of  the  rat  which,  accord- 
ing to  Behring,  neutralizes  the  toxic  substances  present  in  a  filtered 
culture  of  the  tetanus  bacillus ;  but  whatever  this  substance  may  be, 
it  is  evidently  different  from  the  toxic  substance  which  it  destroys, 
and  there  is  nothing  in  chemistry  to  justify  the  supposition  last 
made.  Is  it,  then,  by  destroying  the  pathogenic  microorganism 
that  these  inoculated  and  retained  toxic  products  preserve  the  animal 
from  future  infection  ?  Opposed  to  this  supposition  is  the  fact  that 
the  blood  of  an  animal  made  immune  in  this  way,  when  removed 
from  the  body,  does  not  prove  to  ha ve  increased  germicidal  power  as 
compared  with  that  of  a  susceptible  animal  of  the  same  species. 
Again,  these  same  toxic  substances  in  cultures  of  the  anthrax  bacillus, 
the  tetanus  bacillus,  the  diphtheria  bacillus,  etc.,  do  not  destroy  the 
pathogenic  germ  after  weeks  or  months  of  exposure.  And  when  we 
inoculate  a  susceptible  animal  with  a  virulent  culture  of  one  of  these 
micTodrganisms,  the  toxic  substances  present  do  not  prevent  the  rapid 
development  of  the  bacillus  ;  indeed,  instead  of  proving  a  germicide, 
they  favor  its  development,  which  is  more  abundant  and  rapid  than 
when  attenuated  cultures  containing  less  of  the  toxic  material  are 
used  for  the  inoculation.  In  view  of  these  facts  we  are  unable  to 
adopt  the  view  that  acquired  immunity  results  from  the  direct  action 
of  the  products  of  bacterial  growth,  introduced  and  retained  in  the 
body  of  the  immune  animal,  upon  the  pathogenic  microorganism 
when  subsequently  introduced  or  upon  its  toxic  products. 

But  there  is  another  explanation  which,  although  it  may  appear 
a  priori  to  be  quite  improbable,  has  the  support  of  recent  experimen- 
tal evidence.     This  is  the  supposition  that  some  substance  is  formed 
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in  the  body  of  the  immune  animal  which  neutralizes  the  tox 
products  of  the  pathogenic  microorganism.  How  the  presence 
these  toxic  products  in  the  first  instance  brings  about  the  f  ormati< 
of  an  "  antitoxine ''  by  which  they  are  neutralized  is  still  a  myster 
but  that  such  a  substance  is  formed  appears  to  be  proved  by  the  i 
cent  experiments  of  Ogata,  Behring  and  Kitasato,  Tizzoni  and  Ci 
tani,  G.  and  F.  Klemperer,  and  others. 

Ogata  and  Jasuhara,  in  a  series  of  experiments  made  in  the  H 
gienic  Institute  at  Tokio  (1800),  discovered  the  important  fact  th 
the  blood  of  an  animal  immune  against  anthrax  contains  some  su 
stance  which  neutralizes  the  toxic  products  of  the  anthrax  bacillu 
When  cultures  were  made  in  the  blood  of  dogs,  frogs,  or  of  whi 
rats,  which  animals  have  a  natural  immimity  against  anthrax,  th< 
were  found  not  to  kill  mice  inoculated  with  them.  Further  expei 
ments  showed  that  mice  inoculated  with  virulent  anthrax  cultur 
did  not  succumb  to  anthrax  septicaemia  if  they  received  at  the  sar 
time  a  subcutaneous  injection  of  a  small  quantity  of  the  blood  of  t 
immune  animal.  So  small  a  dose  as  one  drop  of  f rog*s  blood  or  on 
half  drop  of  dog's  blood  proved  to  be  suflSicient  to  protect  a  mou 
from  the  fatal  effect  of  an  anthrax  inoculation.  And  the  protecti' 
inoculation  was  effective  when  made  as  long  as  seventy-two  hou 
before  or  five  hours  after  infection  with  an  anthrax  culture.  Fu 
ther,  it  was  found  that  mice  which  had  survived  anthrax  infection  ; 
a  result  of  this  treatment  were  immune  at  a  later  date  (after  sever 
weeks)  when  inoculated  with  a  virulent  culture  of  the  anthr* 
bacillus. 

Behring  and  Kitasato  have  obtained  similar  results  in  their  e 
periments  upon  tetanus  and  diphtheria,  and  have  shown  that  tl 
blood  of  an  immune  animal,  added  to  virulent  cultures  before  i: 
oculation  into  susceptible  animals,  neutralizes  the  pathogenic  pow 
of  these  cultures. 

They  have  shown  by  experiment  that  the  blood  of  a  rabbit  whi< 
has  an  acquired  immunity  against  tetanus,  mixed  with  the  virule: 
filtrate  from  a  culture  of  the  tetanus  bacillus,  neutralizes  its  tox 
power.  One  cubic  centimetre  of  this  filtrate  was  mixed  with  fi^ 
cubic  centimetres  of  serum  from  the  blood  of  an  immune  rabbit  ar 
allowed  to  stand  for  twenty-four  hours  ;  0.2  cubic  centimetre  of  th 
injected  into  a  mouse  was  without  effect,  wMle  0.0001  cubic  cent 
metre  of  the  filtrate  without  such  admixture  was  infallibly  fatal  i 
mice.  The  mice  inoculated  with  this  mixture  remained  immune  f « 
forty  to  fifty  days,  after  which  they  gradually  lost  their  immunit; 
The  blood  or  senmi  from  an  immune  rabbit,  when  preserved  in 
dark,  cool  place,  retained  its  power  of  neutralizing  the  tetanus  to 
albumin  for  about  a  week,  after  which  time  it  gradually  lost  tb 
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power.  The  blood  of  chickens,  which  have  a  natural  immunity 
agamst  tetanus,  was  found  not  to  have  a  similar  power.  Behring 
and  Kitasato  have  also  shown  that  the  serum  of  a  diphtheria-immune 
rabbit  destroys  the  potent  toxalbumin  in  diphtheria  cultures.  It 
does  not,  however,  possess  any  germicidal  power  against  the  diph- 
theria bacillus. 

Ogata,  in  a  recent  publication  (1891),  reports  that  he  has  succeeded 
in  isolating  from  the  blood  of  dogs  and  of  chickens  a  substance  to 
which  he  ascribes  the  immunity  of  these  animals  from  certain  infec- 
tions diseases,  and  the  power  of  their  blood  to  protect  susceptible 
animals  from  the  same  diseases.  This  substance  is  soluble  in  water 
and  in  glycerin,  but  insoluble  in  alcohol  or  ether,  by  which  it  is  pre- 
cipitated without  being  destroyed.  Its  activity  is  neutraUzed  by 
acids,  but  not  by  weak  alkaline  solutions.  Ogata  supposes  the  sub- 
stance isolated  by  him  to  be  the  active  agent  in  blood  serum  by 
which  certain  pathogenic  bacteria  are  destroyed,  as  shown  by  the 
experiments  of  Nuttall,  Buchner,  and  others.  Hankin  had  previously 
isdated  an  albiuninoid  substance  from  the  spleen  and  blood  of  the 
rat,  to  which  he  ascribes  the  immunity  of  this  animal  from  anthrax. 
This  substance,  according  to  the  author  named,  is  a  globulin ;  it  is 
insoluble  in  alcohol  and  in  distilled  water,  and  does  not  dialyze. 

Tizzoni  and  Cattani  ascribe  the  protection  of  animals  which  have 
acquired  an  immunity  against  tetanus  to  the  presence  of  an  albu- 
minous substance  which  tiiey  call  the  tetanus-antitoxine.  This  they 
have  isolated  from  the  blood  of  immune  animals.  They  arrive  at 
the  conclusion  that  it  is  a  globulin,  or  a  substance  which  is  carried 
down  with  the  globulin  precipitate,  and  that  it  is  different  from  the 
globulin,  above  referred  to,  obtained  by  Hankin  from  animals  im- 
mime  against  anthrax. 

G.  and  F.  Klemperer  have  recently  (1891)  published  an  impoi-tant. 
memoir  in  which  they  give  an  account  of  their  researches  relating 
to  the  question  of  immunity,  etc.,  in  animals  subject  to  the  form 
of  septicsemia  produced  by  the  Micrococcus  pneumoniae  crouposae. 
They  were  able  to  produce  immunity  in  susceptible  animals  by 
introducing  into  their  bodies  filtered  cultures  of  this  micrococcus,  and 
proved  by  experiment  that  this  immunity  had  a  duration  of  at  least 
six  months.  They  arrive  at  the  conclusion  that  the  inmiunity  in- 
duced by  injecting  filtered  cultures  is  not  directly  due  to  the  toxic 
substances  present  in  these  cultures,  but  that  they  cause  the  produc* 
tion  in  the  tissues  of  an  antitoxine  which  has  the  power  of  neutraliz* 
ing  their  pathogenic  action.  The  toxic  substance  present  in  cultures 
of  the  "  diplococcus  of  pneumonia^'  they  call  '*  pnemnotoxine'*;  the 
substance  produced  in  the  body  of  an  artificially  inunune  animal,  by 
17 


Digitized  by  CjOOQIC 


25S  SUSCEPTIBILITY  AND  IMMUNITY. 

which  this  pneumotoxine  is  destroyed  if  subsequently  introduced,  t 
call  "  anti-pneumotoxine.'^ 

Emmerich,  in  a  communication  made  at  the  recent  (1891)  In 
national  Congress  for  Hygiene  and  Demography,  in  London,  rep 
results  which  correspond  with  those  of  G.  and  F.  Klemperei 
far  as  the  production  of  immunity  is  concerned,  and  also  gives 
account  of  experiments  made  by  Donissen  in  which  the  inject 
of  twenty  to  twenty-five  cubic  centimetres  of  blood  or  expre£ 
tissue  juices,  filtered  through  porcelain,  from  an  immune  rabbit  i 
an  unprotected  rabbit,  subsequently  to  infection  with  a  bouillon  < 
ture  of  ^^  diplococcus  pneumoniae,''  prevented  the  development 
fatal  septicsBinia.  Even  when  the  injection  was  made  twelve  to 
teen  hours  after  infection,  by  inhalation,  the  animal  recovered. 

Emmerich  and  Mastraum  had  previously  reported  similar  resi 
in  experiments  made  upon  mice  with  the  Bacillus  erysipelatos  c 
(rothlauf  bacillus).  White  mice  are  very  susceptible  to  the  pal 
genie  action  of  this  bacillus.  But  mice  which,  subsequently  to 
fection,  were  injected  with  the  expressed  and  filtered  ti£»ue  juicec 
an  immime  rabbit,  recovered,  while  the  control  animals  succuml 
According  to  Emmerich,  the  result  in  these  experiments  was  du( 
a  destruction  of  the  path(^^nic  bacilli  in  the  bodies  of  the  inf  ec 
animals ;  and  the  statement  is  made  that  at  the  end  of  eight  he 
after  the  injection  of  the  expressed  tissue  juices  all  bacilli  in  the  b< 
of  the  infected  animal  were  dead.  The  same  liquid  did  not,  howe^ 
kill  the  bacilli  when  added  to  cultures  external  to  the  body  of 
animal.  The  inference,  therefore,  seems  justified  that  the  result 
pends,  not  upon  a  substance  present  in  the  expressed  juices  of 
inmiune  animal,  but  upon  a  substance  formed  in  the  body  of 
animal  into  which  these  juices  are  injected. 

We  have,  however,  an  example  of  induced  immunity  in  wh 
the  result  appears  to  depend  directly  upon  the  destruction  of 
pathogenic  microorganism  in  the  body  of  the  immune  animal, 
guinea-pigs  which  have  an  acquired  immunity  against  Vibrio  Meta 
nikovi  the  blood  serum  has  been  proved  to  possess  decided  germici 
power  for  this  "vibrio,"  whereas  it  multiplies  readily  in  the  bl< 
serum  of  non-immune  guinea-pigs  (Behring  and  Nissen). 

There  is  experimental  evidence  that  animals  may  acquire  an  a 
ficial  immunity  against  the  toxic  action  of  certain  toxalbumins  f  r 
other  sources  than  bacterial  cultures.  Thus  Sewell  (1887)  has  sho 
that  a  certain  degree  of  tolerance  to  the  action  of  rattlesnake  ven 
may  be  established  by  inoculating  susceptible  animals  with  sir 
doses  of  the  "  hemialbiimose ''  to  which  it  owes  its  toxic  poten 
In  this  connection  we  may  remark  that  there  is  some  evidence 
show  that  persons  who  are  repeatedly  stung  by  certain  poison< 
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insects — ^mosquitoes,  bees — acquire  a  greater  or  less  degree  of  im- 
munitjT  from  the  distressing  local  effects  of  their  stings. 

Recently  (1891)  Ehrlich,  of  Berlin,  has  reported  his  success  in 
establishing  immunity  in  guinea-pigs  against  two  toxalbmnins  of 
vegetable  origin :  one — ^ricin — ^from  the  castor-oil  bean  (Ricinus 
communis),  the  other — abrin — from  the  jequirity  bean.  The  toxic 
potency  of  ricin  is  somewhat  greater  than  that  of ,  abrin,  and  it  is 
estimated  by  Ehrlich  that  one  g^ramme  of  this  substance  would  suffice 
to  kill  one  and  a  half  millions  of  guinea-pigs.  When  injected  be- 
neath the  skin,  in  dilute  solution,  it  produces  intense  local  inflamma- 
tion, resulting  in  necrosis  of  the  tissues.  Mice  are  less  susceptible 
than  guinea-pigs  and  are  more  easily  made  immune.  This  is  most 
readily  effected  by  giving  them  small  and  gradually  increasing  doses 
with  tiieir  food.  As  a  result  of  this  treatment  the  animal  resists 
subcutaneous  injections  of  two  hundred  to  four  hundred  times  the 
fatal  dose  for  animalfl  not  having  this  artificial  immunity.  The  fatal 
dose  of  abrin  is  about  double  that  of  ricin.  When  injected  into  mice 
in  the  proportion  of  one  cubic  centimetre  to  twenty  grammes  of  body 
weight  a  solution  of  one  part  in  one  hundred  thousand  of  water 
proved  to  be  a  fatal  dose.  The  local  effects  are  also  less  pronounced 
when  solutions  of  abrin  are  used ;  they  consist  principally  in  an  ex- 
tensive induration  of  the  tissues  around  the  point  of  injection  and  a 
subsequent  falling  off  of  the  hair  over  this  indurated  area.  When 
introduced  into  the  conjunctival  sac,  however,  abrin  produces  a 
local  inflammation  in  snudler  amounts  than  ricin,  a  solution  of  1 :  800 
being  sufficient  to  cause  a  decided  but  temporary  conjunctivitis. 
Solutions  of  1: 50  or  1: 100  of  either  of  these  toxalbumins,  introduced 
into  the  eye  of  a  mouse,  give  rise  to  a  panophthalmitis  which  com- 
monly results  in  destruction  of  the  eye.  But  in  mice  which  have 
been  rendered  immune  by  feeding  them  for  several  weeks  with  food 
containing  one  of  these  toxalbumins,  no  reaction  follows  the  intro- 
duction into  the  eye  of  the  strongest  possible  solution,  or  of  a  paste 
made  by  adding  abrin  to  a  Uttle  ten-per-cent  salt  solution.  Ehrlich 
gives  the  following  explanation  of  the  remarkable  degree  of  im- 
munity established  in  his  experiments  by  the  method  mentioned: 

"  All  of  these  phenomena  depend,  as  may  be  easily  shown,  upon 
the  fact  that  the  blood  contains  a  body — antiabrin — which  completely 
neutralizes  the  action  of  the  abrin,  probably  by  destroying  this  body.'* 

In  a  more  recent  paper  Ehrlich  has  given  an  account  of  subse- 
quent experiments  which  show  that  the  young  of  mice  which  have 
an  acquired  immunity  for  these  v^etable  toxalbumins  may  acquire 
immunity  from  the  ingestion  of  the  mother^s  milk ;  and  also  that 
immunity  against  tetanus  may  be  acquired  in  a  very  brief  time  by 
young  mice  through  their  mother^s  milk.     In  his  tetanus  experi- 
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ments  Ehrlich  used  blood  serum  f I'om  an  immune  horse  to  give  i 
munity  to  the  mother  mouse  when  her  yoimg  were  already  sev 
teen  days  oli  Of  this  blood  serum  two  cubic  centimetres  -w 
injected  at  a  time  on  two  successive  days.  The  day  after  the  f 
injection  one  of  the  sucklings  received  a  tetanus  inoculation 
means  of  a  splinter  of  wood  to  which  spores  were  attached.  1 
animal  remained  in  good  health,  while  a  much  larger  control  mO' 
inoculated  in  the  same  way  died  of  tetanus  at  the  end  of  twenty- 
hours.  Other  sucklings,  inoculated  at  the  end  of  forty-eight  and 
seventy-two  hours  after  the  mother  had  received  the  injection 
blood  serum,  likewise  remained  in  good  health,  while  other  conl 
mice  died. 

A  most  interesting  question  growing  out  of  these  extraordini 
experimental  results  at  once  presents  itself  :    Does  the  animal  wh 
is  immune  for  one  of  these  toxalbumins  also  exhibit  immunity  as 
gards  the  toxic  action  of  the  other  ?    This  question  Ehrhch  has  i 
Bwered.     His  experiments  show  that  animals  which  are  imini 
against  one  of  these  substances  are  quite  as  susceptible  to  the  to 
action  of  the  other  as  if  they  did  not  possess  this  immimity — i.e.,  1 
antitoxine  of  ricin  does  not  destroy  abrin,  and  vice  versa.     As 
illustration  of  this  fact  he  states  that  in  one  experiment  a  rabbit  ^ 
made  immune  against  ricin  to  such  an  extent  that  the  introduction  li 
its  eve  of  this  substance  in  powder  produced  no  inflammatory  re; 
tion  ;  but  the  subsequent  introduction  of  a  solution  of  abrin 
1 :  10,000  caused  a  violent  inflammation. 

Evidently  these  facts  are  of  the  same  order  as  those  relating 
immunity  from  infectious  diseases,  and,  taken  in  connection  with  1 
experimental  data  previously  referred  to,  give  strong  support  to  1 
^new  that  the  morbid  phenomena  in  all  diseases  of  this  class  are  d 
to  the  specific  toxic  action  of  substances  resembling  the  toxalbumi 
already  discovered  ;  and  that  acquired  immunity  from  any  one 
these  diseases  results  from  the  formation  of  an  antitoxine  in  the  bo 
of  the  immime  animal. 

Hankin  calls  these  substances  produced  in  the  bodies  of  immu 
animals  '*  defensive  proteids,"  and  proposes  to  classify  them  as  f 
lows  :  First,  those  occurring  naturally  in  normal  animals,  which 
calls  sozins  ;  second,  those  occurring  in  animals  that  have  acquir 
an  artificial  immunity — ^these  he  calls  phylaxins.  Each  of  the 
classes  of  defensive  proteids  is  further  subdivided  into  those  whi 
act  upon  the  pathogenic  microorganism  itself  and  those  which  a 
upon  its  toxic  products.  These  subclasses  are  disting^uished  by  t 
prefixes  viyco  and  toxo  attached  to  the  class  name. 

In  accordance  with  this  classification  a  mycosozin  is  a  defensi 


Digitized  by  CjOOQIC 


SUSCEPTIBILITY  AND  IMMUNITY.  261 

proteid,  found  in  the  body  of  a  normal  animal,  which  has  the  power 
of  destroying  bacteria. 

A  toxosozin  is  a  defensive  proteid,  found  in  the  body  of  a  normal 
animal,  which  has  the  power  of  destroying  the  toxic  products  of  bac- 
terial growth. 

A  mycophylazin  is  a  defensive  proteid  produced  in  the  body  of 
<an  animal  which  has  an  acquired  immunity  for  a  given  infectious 
disease,  which  has  the  power  of  destroying  the  pathogenic  bacteria 
to  which  the  disease  is  due. 

A  toxophylaxin  is  a  defensive  proteid  produced  in  the  body  of 
an  animal  which  has  an  acquired  immunity  for  a  given  infectious 
disease,  which  has  the  power  of  destroying  the  toxic  products  of  the 
pathogenic  bacteria  to  which  the  disease  is  due. 

Buchner  had  previously  proposed  the  name  "  alexines  "  for  these 
defensive  proteids. 

The  importance  of  the  experimental  evidence  above  referred  to  in 
explaining  the  phenomena  of  natural  and  acquired  immunity  is  ap- 
parent. The  facts  stated  also  suggest  a  rational  explanation  of  re- 
covery from  an  attack  of  an  acute  infectious  disease.  But  the  idea 
that  during  such  an  attack  an  antidote  to  the  disease  poison  is  de- 
veloped in  the  tissues  is  yet  so  novel,  and  the  experimental  evidence 
in  support  of  this  view  is  of  such  recent  date,  that  it  would  be  pre- 
mature to  accept  this  explanation  as  applying  to  inmnmity  in  gene- 
ral It  seems  difficult  to  believe  that  an  individual  who  has  passed 
through  attacks  of  measles,  mumps,  whooping  cough,  scarlet  fever, 
small-pox,  etc.,  has  in  his  blood  or  tissues  a  store  of  the  antitoxine  of 
each  of  these  diseases,  formed  during  the  attack  and  retained  during 
the  remainder  of  his  life,  or  continuously  produced  so  long  as  the 
immunity  lasts.  Moreover,  in  those  diseases  to  which  the  experi- 
mental evidence  above  recorded  relates — diphtheria,  tetanus,  pneu- 
monia— as  they  occur  in  man,  no  lasting  immunity  has  been  shown 
to  result  from  a  single  attack,  and  in  this  regard  they  do  not  come 
into  the  same  class  with  the  eruptive  fevers  and  other  diseases  in 
which  a  single  attack  usually  protects  during  the  lifetime  of  the  in- 
dividuaL 

In  those  instances  in  which  acquired  immunity  has  been  shown 
to  be.  due  to  the  production  in  the  body  of  the  immune  animal  of  an 
antitoxine,  it  is  still  uncertain  whether  there  is  a  continuous  produc- 
tion of  the  protective  proteid,  or  whether  that  formed  during  the 
attack  remains  in  the  body  during  the  subsequent  immunity.  The 
latter  supposition  appears  at  first  thought  improbable  ;  but  when  we 
remember  that  the  protective  proteids  which  have  been  isolated  by 
Hankin  from  the  blood  and  spleen  of  rats,  and  by  Tizzoni  and  Cat- 
tani  from  the  blood  of  animals  made  immune  against  tetanus,  do 
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not  dialyz€y  it  does  not  seem  impossible  that  these  substances  might 
be  retained  indefinitely  within  the  blood  vessels.  On  the  other  hand, 
the  passage  of  the  tetanus  antitozine  into  the  mother's  milk,  as 
shown  by  Ehrlich's  experiments  upon  mice,  indicates  a  continuous 
supply,  otherwise  the  immunity  of  the  mother  would  soon  be  lost. 

The  writer  has  recently  (May,  1892)  obtained  experimental  evi- 
dence that  the  blood  of  vaccinated,  and  consequently  immune,  calves 
contains  something  which  neutralizes  the  specific  virulence  of  vac- 
cine virus,  both  bovine  and  humanized.  Four  drops  of  blood  serum 
from  a  calf  which  had  been  vaccinated  two  weeks  previously,  mixed 
with  one  drop  of  liquid  lymph  recently  collected  in  a  capillary  tube, 
after  contact  for  one  hour  was  used  to  vaccinate  a  calf ;  the  same 
animal  was  also  vaccinated  with  lymph,  preserved  on  three  quills, 
which  was  mixed  with  four  drops  of  serum  from  the  immune  calf 
and  left  for  one  hour.  The  result  of  these  vaccinations  was  entirely 
negative,  while  vaccinations  upon  the  same  calf  made  with  virus 
from  the  same  source,  and  mixed  with  the  same  amount  of  blood 
serum  from  a  non-immune  calf,  gave  a  completely  successful  and 
typical  result. 

The  experimental  evidence  detailed  gives  strong  support  to  the 
view  that  acquired  immunity  depends  upon  the  formation  of 
antitoxines  in  the  bodies  of  immune  animals.  As  secondarj- 
factors  it  is  probable  that  tolerance  to  the  toxic  products  of  patho- 
genic bacteria  and  phagocytosis  have  couHiderable  importance,  but  it 
is  evident  that  the  principal  role  cannot  be  assigned  to  these  agencies. 


PLATE  IV. 

Figs.  1,  2,  and  3. — ^Leucocytes  from  the  spleen  of  an  inoculated  monkey, 
containing  Spirillum  Obermeieri.    (Soudake witch . ) 

Figs.  4  and  6.  —Leucocytes  (' '  macrophages  "0  fvoxa  a  preparation  of 
muscle  from  a  pigeon  which  succumbed  to  an  anthrax  inoculation.  In  Fig. 
4  the  bacilli  are  deeply  stained  ;  in  Fig.  5  they  are  pale.     (MetschnikofT.) 

Fig.  6. — ^Leucocyte  from  a  frog  seventy-two  hours  after  the  injection  of 
anthrax  spores.     (Trapeznikoff.) 

Figs.  7  and  S. — Leucocytes  from  a  chicken  four  hours  after  the  injection 
of  anthrax  spores.     (Trapeznikoff.) 
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IV. 
PYOGENIC  BACTERIA. 

The   demonstration  made  by  Ogston,  Rosenbach,  Passet,  and 
others  that  micrococci  are  constantly  present  in  the  pus  of  acute 
abscesses,  led  to  the  inference  that  there  can  be  no  pus  formation  in 
the  absence  of  microorganisms  of  this  class.     But  it  is  now  well 
established,  by  the  experiments  of  Grawitz,  De  Bary,  SteinhauS;, 
Scheurlen,  Kaufmann,  and  others,  that  this  inference  was  a  mis- 
taken one,  and  that  certain  chemical  substances  introduced  beneath 
the  skin  give  rise  to  pus  formation  quite  independently  of  bacteria. 
Among  the  substances  tested  which  have  given  a  positive  result  are 
nitrate  of  silver,  oil  of  turpentine,  strong  liquor  ammonise,  cada- 
verin,  etc.     The  demonstration  has  also  been  made  by  numerous  in- 
vestigators that  cultures  of  pus  cocci,  when  sterilized  by  heat,  still 
give  rise  to  pus  formation  when  injected  subcutaneously.     This  was 
first  established  by  Pasteur  in  1878,  who  found  that  sterilized  cul- 
tures of  his  **  microbe  generateur  du  pus "  induced  suppuration  as 
well  as  cultures  containing  the  living  microbe.     This  fact  lias  since 
been  confirmed,  as  regards  the  pus  staphylococci  and  various  bacilli, 
by  a  number  of  bacteriologists.     Wyssokowitsch  produced  abscesses 
containing  sterile  pus  by  injecting  subcutaneously  agar  cultures  of 
the  anthrax  bacillus  sterilized  by  heat.     Buchner  obtained  similar 
results  in  a  series  of  forty  experiments  from  the  injection  of  steril- 
ised cultures  of  Friedlander's  bacillus  ("pneumococcus"),  and  has 
shown  that  the  pus-forming  property  belongs  to  the  bacterial  cells 
and  not  to  a  soluble  chemical  substance  produced  by  them.     When 
cultures  were  filtered  by  means  of  a  Chamberlain  filter  the  clear 
fluid  which  passed  through  the  porous  porcelain  was  without  eflfect, 
while  the  dead  bacteria  retained  by  the  filter  produced  aseptic  pus 
infiltration  in  the  subcutaneous   tissues  within  forty-eight    hours 
after  having  been  injected.     Subsequent  experiments  gave  similar 
results  with  seventeen  different  species  tested,  including  Staphylo- 
coccus pyogenes  aureus.  Staphylococcus  cereus  flavus,  Sarcina  auran- 
tiaca.  Bacillus   prodigiosus,   Bacillus  Fitzianus,   Bacillus   subtilis, 
Bacillus  coli  communis.  Bacillus  acidi  lactici,  etc.     From  the  experi- 
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ments  made  to  determine  the  exact  cause  of  pus  formation  f ollowi 
the  injection  of  sterilized  cultures  Buchner  arrives  at  the  condus: 
that  it  is  due  to  the  albuminous  contents  of  the  bacterial  cells. 

While  it  is  demonstrated  that  a  large  niunber  of  microorganisi 
either  living  or  in  sterilized  cultures,  may  give  rise  to  the  format 
of  pus,  the  extended  researches  of  Rosenbach,  Passet,  and  otl 
bacteriologists  show  that  few  species  are  usually  concerned  in  i 
formation  of  acute  abscesses,  furuncles,  etc.,  in  man.  Of  these  i 
two  most  important,  by  reason  of  their  frequent  occurrence  and  pa 
ogenic  power,  are  Staphylococcus  pyogenes  aureus  and  Strej 
coccus  pyogenes;  next  to  these  comes  Staphylococcus  pyogei 
albus,  and  the  following  species  are  occasionally  found  :  Staphs 
coccus  pyogenes  citreus.  Staphylococcus  cereus  flavus,  Staphylococ< 
cereus  albus,  Micrococcus  tenuis.  Bacillus  pyogenes  f  oetidus,  Mic 
coccus  tetragenus,  Micrococcus  pneumonisB  croupossa.  Two  or  m< 
species  are  often  found  in  the  same  abscess  ;  thus  Passet,  in  thir 
three  cases  of  acute  abscess,  found  Staphylococcus  aureus  and  all 
associated  in  eleven,  albus  alone  in  four,  albus  and  citreus  in  t\ 
Streptococcus  pyogenes  alone  in  eight,  albus  and  streptococcus 
one,  and  albus,  citreus,  and  streptococcus  in  one.  Hoffa  found, 
twenty-two  cases  of  inguinal  bubo,  aureus  in  ten,  albus  in  nine,  8 
citreus  in  three.  Bumm,  in  ten  cases  of  puerperal  mastitis,  tov 
aureus  in  seven  and  Streptococcus  pyogenes  in  three.  Bosenbf 
found  staphylococci  alone  sixteen  times.  Streptococcus  py(^enesal( 
fifteen  times,  staphylococci  and  streptococci  associated  five  tim 
and  Micrococcus  tenuis  three  times  in  thirty-nine  acute  abscesses  8 
phlegmons  examined  by  him. 

Bobb  and  Ghrisky  have  shown  that  under  the  most  rigid  antisi 
tic  treatment  microorganisms  are  constantly  found  attached  to  i 
tures  when  these  are  removed  from  wounds  made  by  the  surges 
and  that  a  skin  abscess  frequently  results  from  the  presence  of  1 
most  common  of  these  microorganisms — Staphylococcus  epidermi 
albus. 

The  authors  named  state  their  conclusions  as  follows  : 

**  A  wound,  at  some  time  of  its  existence,  always  contains  organisi 
They  occur  either  on  the  stitches  or  in  the  secretions. 

''  The  number  of  bacteria  is  influenced  by  the  constricting  action  of 
ligatures  or  drainage  tube,  or  anything  interfering  with  the  circulation 
the  tissues. 

**The  virulence  of  the  organisms  present  will  influence  the  progress 
the  wound- 

**  The  bodv  temperature  is  invariably  el<ivated  if  the  bacteria  are  vii 
lent;  and,  indeed,  in  cases  where  many  of  the  less  virulent  organisms  < 
found,  almost  without  exception  there  is  some  rise  of  temperature/' 

The  organism  most  frequently  found — Staphylococcus  epiden 
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difl  albus — ^has  but  slight  virulence.  Out  of  forty-five  cases  in  which 
a  bacteriological  examination  was  made  this  micrococcus  was  ob- 
tained in  pure  cultures  in  thirty-three ;  in  five  cases  it  was  associated 
witii  Staphylococcus  pyogenes  aureus,  in  one  case  with  Streptococ- 
cus pyogenes,  in  three  cases  Streptococcus  pyogenes  was  obtained 
alone. 

In  abscesses  resulting  from  inflammation  of  the  middle  ear  the 
micrococcus  commonly  known  under  the  name  of  "diplococcus 
pneumonisd  " — Micrococcus  pneumoniae  crouposaB — has  been  obtained 
in  pure  cultures  in  a  considerable  number  of  cases  when  the  pus  has 
been  examined  immediately  after  paracentesis  of  the  tympanic  mem- 
brane. We  shall  not,  however,  describe  this  aihong  the  pyogenic 
bacteria,  but  will  give  an  account  of  it  in  the  following  section  (Bac- 
teria in  Croupous  Pneumonia,  etc.).  Bacillus  pyocyanus,  which  is 
described  by  some  authors  among  the  pyogenic  bacteria,  is  found 
only  in  the  pus  of  open  wounds,  where  its  presence  is  evidently  acci- 
dental.    We  shall  describe  it  among  the  chromogenic  saprophytes. 

1.  STAPHYLOCOCCUS  PYOGENES  AUREUS. 

Synonym. — Micrococcus  of  infectious  osteomyelitis  (Becker). 

Observed  by  Ogston  (1881)  in  the  piis  of  acute  abscesses,  but  not 
differentiated  from  the  associated  staphylococci  and  the  streptococ- 
cus of  pus.  Obtained  by  Becker  from  the  pus  of  osteomyelitis  (1883). 
Isolated  from  the  pus  of  acute  abscesses  and  accurately  described  by 
Rosenbach  (1884)  and  by  Passet  (1885). 

The  Staphylococcus  pyogenes  aureus  is  a  facultative  parasite,  and 
is  the  most  common  pyogenic  micrococcus  found  in  suppurative  pro- 
cesses generally.  But  it  is  also  a  common  and  widely  distributed 
saprophyte,  which  finds  the  conditions  necessary  for  its  existence  on 
the  external  surface  of  the  human  body  and  of  moist  mucous  mem- 
branes. This  is  shown  by  the  researches  of  numerous  bacteriolo- 
gists. Thus  UUmann  found  it  upon  the  skin  and  in  the  secretions  of 
the  mouth  of  healthy  persons,  and  also  in  the  dust  of  occupied  apart- 
ments, in  water,  etc.;  Bockhart  obtained  it  in  cultures  from  the 
surface  of  the  body  and  from  the  dirt  beneath  the  finger  nails  of 
healthy  persons  ;  Biondi,  Vignal,  and  others  in  the  salivary  secre- 
tions ;  B.  Frankel  in  mucus  from  the  pharynx  ;  Von  Besser  and 
Wright  in  nasal  mucus  ;  Escherich  in  the  alvine  discharges  of 
healthy  infants  ;  C.  Frankel  in  the  air  ;  and  Lubbert  in  the  soil.  Its 
presence  in  the  air,  in  water,  or  in  the  soil  is,  however,  quite  excep- 
tional, and  is  probably  to  be  considered  the  result  of  accident,  its 
normal  habitat  as  a  saprophyte  appearing  to  be  rather  upon  the  sur- 
face of  the  body  and  of  mucous  membranes. 
18 
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Morphology. — Spherical  cells  having  a  diameter  of  0.7  /<  (Ha 
lich)  to  0.9  /i  (0.87  M  Passet),  solitary,  in  pairs,  or  in  irregu 
groups,  occasionally  in  chains  of  three  or  four  elements  or  in  groi 
of  four.  The  dimensions  vary  somewhat  in  < 
ferent  culture  media,  being  larger  in  a  favora 
than  in  an  unfavorable  medium.  The  individ 
cells,  as  pointed  out  by  Hadelich,  consist  of  t 
hemispherical  portions  separated  from  each  otl 
Fio.  79.-staphyiococ-  by  a  Very  narrow  cleft,  which  is  not  visible  wl 
from^'^iT^towto^^y  *^®  cells  are  deeply  stained,  but  may  be  dem 
Rosenbach.  strated,  with  jB,  high  power,  by  staining  for  a  sh 

time  (two  minutes' or  less)  in  a  solution  of  fuchsin  in  aniline  wate 

This  micrococcus  stains  quickly  in  aqueous  solutions  of  the  ha 
aniline  colors,  and  may  also  be  stained  with  acid  carmine  and  hseE 
toxylin.  It  is  not  decolorized  by  iodine  solution  when  stained  w 
methyl  violet — Gram's  method. 

Biological  Characters, — ^Staphylococcus  pyogenes  aureus  gro 
either  in  the  presence  or  absence  of  oxygen,  and  is  consequentl; 
facultative  anasrobic.  It  multipUes  rapidly  at  a  temperature  of 
to  20°  C.  in  milk,  flesh  infusions,  and  various  other  liquid  med 
Mnd  in  nutrient  gelatin  or  agar.  It  liquefies  gelatin,  and  in  st: 
cultures  liquefaction  occurs  all  along  the  hne  of  puncture,  f orminj 
pouch  which  is  largest  above  and  at  the  end  of  three  or  four  days  1 
extended  to  the  full  capacity  of  the  test  tube  at  the  surface.  T 
liquefied  gelatin  in  this  pouch  is  at  first  opaque  from  the  presence 
little  agglomerations  of  micrococci  in  suspension,  but  after  a  th 
these  are  deposited  and  the  gelatin  becomes  transparent.  Duri 
the  period  of  active  growth  the  cocci  accumulate  near  the  surface 
the  gelatin,  and,  in  contact  with  the  air,  the  characteristic  golden-y 
loio  pigment  is  produced.  By  the  subsidence  of  the  colored  mass 
of  cocci  from  this  superficial  stratum  a  yellow  deposit  is  gradua 
formed  at  the  bottom  of  the  pouch  of  liquefied  gelatin  (Fig.  80).  Tl 
pigment,  which  is  the  principal  character  distinguishing  the  mici 
coccus  under  consideration  from  certain  other  liquef jdng  staphy 
cocci,  is  only  formed  in  the  presence  of  oxygen.  Upon  the  surfa 
of  nutrient  agar  development  occurs  in  the  form  of  a  moist,  shinij 
layer,  with  more  or  less  wavy  outlines,  having  at  first  a  pale-yellc 
color,  which  soon  deepens  to  an  orange-  or  golden-yellow.  The  C( 
onies  which  develop  upon  agar  plates  are  spherical  and  opaque,  a] 
usually  acquire  the  golden-yellow  color  within  a  few  days.  Coloni 
on  gelatin  plates  or  in  Esmarch  roll  tubes  first  appear  as  small  whi 
dots,  which  later  are  more  or  less  granular  in  appearance  and  prese 
the  yellow  color,  especially  towards  the  centre  ;  but,  owing  to  t 
extensive  liquefaction  of  the  gelatin  caused  by  them,  their  devek 
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ment  can  only  be  followed  for  two  or  three  days.  Upon  potato,  at  a 
temperature  of  35°  to  37°  C,  a  rather  thick,  moist  layer  of  consider- 
able extent  forms  at  the  end  of  twenty-four  to  forty-eight  hours ; 
this  is  also  at  first  of  a  pale-yellow,  and  later 
of  an  orange-yellow  color.  The  temperature 
mentioned  is  most  favorable  for  the  rapid 
development  of  this  micrococcus,  although 
multiplication  may  occur  at  a  comparatively 
low  temperature  and  is  tolerably  abundant  at 
the  ordinary  room  temperature. 

Cultures  of  the  "golden  staphylococcus,'* 
and  especially  those  upon  potato,  give  oflf  a 
pecuhar  odor  which  resembles  that  of  sour 
paste.  When  cultivated  in  milk  it  gives  rise 
to  the  formation  of  lactic  and  butyric  acids 
and  to  coagulation  of  the  casein.  No  poison- 
ous ptomaines  or  toxalbumins  have  been  iso- 
lated from  cultures  of  this  micrococcus,  but, 
like  other  liquefying  bacteria,  it  forms  a  sol- 
uble peptonizing  ferment,  by  which  gelatin 
may  be  liquefied  indei)endently  of  the  living 
microorganism.  While  the  Staphylococcus 
aureus  gives  rise  to  the  production  of  acids — 
principally  lactic  acid — in  media  containing  staphylococcus  pyogenes  aureus 
glucose  or  lactose,  it  has  also  been  shown  by  ^^^'^^f*'"*®")- 
Brieger  that  ammonia  is  one  of  the  products  of  its  vital  activity. 
Unlike  some  other  pathogenic  bacteria,  it  is  able  to  grow  in  a  medium 
having  a  distinctly  acid  reaction.  A  non-poisonous  basic  substance 
has  been  isolated  by  Brieger  from  old  cultures  in  meat  infusion  which 
differs  from  any  of  the  ptomaines  obtained  by  him  from  other  sources. 

The  thermal  death-point  of  this  micrococcus,  in  recent  cultures  in 
fleeh-peptone-gelatin,  as  determined  by  the  writer,  is  between  56°  and 
58°  C,  the  time  of  exposure  being  ten  minutes.  When  in  a  desic- 
cated condition  a  much  higher  temperature  is  required — 90°  to  100°  C. 
—for  its  destruction ;  and  it  retains  its  vitahty  for  more  than  ten 
days  when  dried  upon  a  cover  glass  (Passet).  It  retains  its  vitality 
for  a  long  time  in  cultures  in  nutrient  gelatin  or  agar,  and  may  grow 
when  transplanted  from  such  cultures  even  at  the  end  of  a  year. 

Very  nimierous  experiments  have  been  made  to  determine  the 
proportion  of  various  chemical  agents  required  to  destroy  the  vitality 
i>r  to  restrain  the  growth  of  this  important  pyogenic  micrococcus. 
The  extended  researches  of  Liibbei-t  (188G)  with  reference  to  the 
antiseptic  power  of  agents  added  to  a  suitable  culture  medium — nu- 
trient gelatin — ^gave  the  following  results  :     Development  was  pre- 


FiQ.   80.— Gelatin    culture  of 
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vented  by  the  agents  named  in  the  proportion  given  :  Nitric  acid, 
1  :  797  ;  phosphoric  acid,  1  :  750  ;  boracic  acid,  1  :  327  ;  oxalic  acid, 
1  :433  ;  acetic  acid,  1  :  720  ;  citric  acid,  1 :  433  ;  lactic  add,  1  : 350  ; 
benzoic  acid,  1  :  400 ;  salicylic  acid,  1 :  655  ;  iodine  dissolved  Mrith 
potassium  iodide,  1:1,100;  arsenite  of  potash,  1:733;  mercuric 
chloride,  1  :  81,400 ;  chloral  hydrate,  1 :  133  ;  carbolic  add,  1  :  814  ; 
thymol,  1  :  11,000  ;  resorcin,  1 :  122  ;  hydrochinon,  1  :  353  ;  kairin, 
1 :  407  ;  antipyrin,  1  :  26  ;  muriate  of  quinine,  1  :  550  ;  muriate  of 
morphia,  1  :  60.  For  the  destruction  of  vitality  very  much  larger 
amounts  are  i-equired.  In  Bolton's  experiments  (1887)  a  one-per-cent 
solution  of  carbolic  acid  was  successful  after  two  hours'  exposure, 
but  two  per  cent  failed  to  completely  destroy  vitality  in  the  same 
time  ;  one  per  cent  of  sulphate  of  copper  was  also  successftd,  and  but 
a  single  colony  developed  after  exposure  to  a  solution  of  1  .200.  In 
the  experiments  of  Gartner  and  Plagge  the  Staphylococcus  aureus  in 
bomllon  cultures  is  said  to  have  been  killed  in  a  few  seconds  (eight) 
by  a  solution  of  mercuric  chloride  of  the  proportion  of  1 : 1,000 ;  Behr- 
ing  found  it  was  killed  by  the  acid  sublimate  solution  of  La  Place, 
in  the  proportion  of  1 : 1,000,  in  ten  minutes ;  Tamier  and  Vignal 
found  that  a  solution  of  1  : 1,000  was  successful  in  two  minutes. 
Abbott  (1891)  has  shown  that  in  the  same  culture  there  may  be  a 
considerable  difference  in  the  resisting  power  of  the  cocci,  and  that 
while  frequently  all  are  destroyed  in  five  minutes  by  a  1 : 1,000  solu- 
tion, it  occurs  quite  as  frequently  that  some  may  survive  after  an  ex- 
posure of  ten,  twenty,  and  even  thirty  minutes. 

Pathogenesis. — Subcutaneous  inoculation  with  a  small  quantity 
of  a  culture  of-  Staphylococcus  pyogenes  aureus  is  without  result  in 
rabbits,  guinea-pigs,  or  mice,  but  when  a  considerable  quantity  is 
injected  beneath  the  skin  of  a  rabbit  or  a  guinea-pig  an  abscess  is 
produced,  which  usually  results  in  recovery,  but  may  give  rise  to 
general  infection  and  the  death  of  the  animal.  Injection  into  a 
vein  or  into  the  cavity  of  the  abdomen  in  the  animals  mentioned 
usually  induces  a  fatal  result  within  a  few  days.  The  most  charac- 
teristic pathological  changes  are  found  in  the  kidneys,  which  con- 
tain numerous  small  collections  of  pus  and  under  the  microscope 
present  the  appearances  resulting  from  embolic  nephritis.  Many  of 
the  capillaries  and  some  of  the  smaller  arteries  of  the  cortex  are 
plugged  up  with  thrombi  consisting  of  micrococci.  Metastatic  ab- 
scesses may  also  be  foimd  in  the  joints  and  muscles.  The  micro- 
cocci may  be  recovered  in  pure  cultures  from  the  blood  and  the 
various  organs ;  but  they  are  not  numerous  in  the  blood,  and  a  sim- 
ple microscopical  examination  will  often  fail  to  demonstrate  their 
presence. 

Animals  frequently  survive  the  injection  of  a  small  quantity  of 
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a  pure  culture  made  directly  into  the  circulation,  and  there  is  evi- 
dence that  the  pathogenic  potency  of  this  micrococcus  may  vary 
considerably  as  a  result  of  conditions  relating  to  its  origin  and  culti- 
vation in  the  animal  body  or  in  artificial  media.  When  injected  in 
considerable  quantities  it  may  be  obtained  in  cultures  from  the 
urine,  but  not  sooner  than  six  or  eight  hours  after  the  injection,  and 
not  imtil  the  formation  of  purulent  foci  in  the  kidneys  has  already 
occurred  (Wyssokowitsch). 

The  pyogenic  properties  of  this  micrococcus  have  been  demon- 
strated upon  man  by  the  experiments  of  Garre,  of  Bockhart,  and  of 
Bumm.  The  first-named  observer  inoculated  a  small  wound  at  the 
edge  of  one  of  his  finger  nails  with  a  minute  quantity  of  a  pure  cul- 
ture, and  a  subepidermal,  purulent  inflammation  extending  around 


Fio.  81.— Vertical  section  through  a  bubcutan<H>u8  abeoesB  caused  by  inooulatloii  with  staphjlo- 
cood,  ia  the  rabbit,  forty-eight  hours  after  infection;  nuu-gln  towards  the  normal  tissue,  x  96o 
iBaomgarten.) 

the  margin  of  the  nail  resulted  from  the  inoculation.  Staphylococ- 
cus aureus  was  recovered  in  cultures  from  the  pus  thus  formed.  A 
more  extensive  and  extremely  satisfactory  experiment  was  subse- 
quently made  by  Garre,  who  applied  a  considerable  quantity  of  a 
pure  culture  obtained  from  the  above-mentioned  source — third  gene- 
ration— ^to  the  iminjured  skin  of  his  left  forearm.  At  the  end  of 
four  days  a  large  carbuncle,  surrounded  by  isolated  furuncles,  de- 
veloped at  the  point  where  the  culture  had  been  applied.  This  ran 
the  usual  course,  and  it  was  several  weeks  before  it  had  completely 
healed.  No  less  than  seventeen  scars  remained  to  give  evidence  of 
the  success  of  the  experiment. 

In  Bockhart's  experiments  a  similar  but  milder  result  was  ob- 
tained, the  conditions  having  been  somewhat  different.     A  small 
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quantity  of  an  agar  culture  was  suspended  in  0.5-per-cent  salt"  s 
tion,  and  this  was  rubbed  upon  the  uninjured  skin  of  the  left  1 
arm.  By  gentle  scratching  with  a  disinfected  finger  nail  the  epi 
lium  was  removed  in  places  over  the  area  to  which  the  microco 
had  been  applied.  As  a  result  of  this  procedure  numerous  ii 
tigo  pustules  and  occasionally  a  genuine  furuncle  developed, 
tions  of  the  skin  containing  the  smaller  pusttdes  were  excised 
examined  microscopically.  As  a  result  of  this  examination  B 
hart  concluded  that  the  cocci  penetrate  by  way  of  the  hair  f  oUi( 
the  sebaceous  and  sudoriparous  glands,  or,  where  the  epidermis 
been  removed  by  scratching,  directly  to  the  deeper  layers  of  the  8 

In  Bumm's  experiments,  made  upon  himself  and  several  o 
persons,  Staphylococcus  aureus  suspended  in  sterilized  salt  solu 
was  injected  beneath  the  skin.     An  abscess  resulted  in  every  cae 

The  very  extended  researches  made  by  bacteriologists  during 
past  five  or  six  years  show  that  the  golden  staphylococcus  is 
most  common  pyogenic  microorganism.  Its  presence  has  been 
monstrated  not  only  in  furuncles  and  carbuncles,  but  also  in  var 
pustular  affections  of  the  skin  and  mucous  membranes — impel 
sycosis,  phlyctenular  conjunctivitis  ;  in  purulent  conjunctivitis 
infiammation  of  the  lacrymal  sac ;  in  acute  abscesses  formed  in 
lymphatic  glands,  the  parotid  gland,  the  tonsils,  the  mammae,  < 
in  metastatic  abscesses  and  purulent  collections  in  the  joints ;  in 
pyema ;  in  infectious  osteomyeUtis  ;  and  in  ulcerative  endocard 
The  evidence  relating  to  its  presence  arid  etiological  import  in 
last-mentioned  affections  demands  special  consideration. 

Infectious  osteomyelitis  appears  from  the  researches  of  Bee 
Rosenbach,  Krause,  Passet,  and  others,  to  be  usually  due  to  the 
sence  of  Staphylococcus  aureus,  although  E^raske  has  shown  tha 
certain  cases  this  is  associated  with  other  microorganisms.  Bee 
who  o'btained  this  micrococcus  from  the  pus  of  osteomyelitis  in  1 
was  the  first  to  show  by  experiment  that  the  same  affection  migh 
induced  in  rabbits  by  injecting  cultures  of  the  micrococcus  into 
circulation,  after  having  crushed  or  fractured  a  bone  in  one  ol 
legs.  The  animal  usually  died  in  from  twelve  to  fourteen  days 
presented  the  usual  appearances  of  osteomyelitis  at  the  fracti 
point.  The  abundant  yellowish-white  pus  contained  the  gol 
staphylococcus  which  was  described  by  Becker,  and  subsequei 
known  in  the  bacteriological  laboratories  of  Germany  as  the  " 
crococcus  of  infectious  osteomyelitis.''  Beckers  experimental 
suits  have  been  confirmed  by  Krause  and  Rosenbach;  and  Rodet, 
injecting  smaller  quantities  of  a  culture  into  the  circulation,  has  i 
ceeded  in  producing  an  osteomyelitis  without  previous  injury  to 
bone. 
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Ulcerative  endocarditis  has  been  shown  by  the  researches  of 
numerous  bacteriologists  to  be  occasionally  accompanied  by  a  mycotic 
invasion  of  the  affected  tissues  by  the  golden  staphylococcus ;  in 
other  cases  Streptococcus  pyogenes  is  present.  The  researches  of 
Weichselbaum,  and  of  E.  Frankel  and  Sanger,  also  show  that  it  is 
present  in  a  certain  proportion  of  the  cases,  at  least,  of  endocarditis 
verrucosa,  although  in  smaller  numbers.  That  the  diseased  condi- 
tion of  the  cardiac  valves  in  ulcerative  endocarditis  is  due  to  mycotic 
invasion  is  now  generally  admitted  and  is  supported  by  experimental 
evidence.  Rosenbach  first  (1873)  produced  an  endocarditis  in  lower 
animals  by  mechanical  injury  to  the  cardiac  valves,  eflFected  by  in- 
troducing a  sound  through  the  aorta.  Following  his  method,  Wys- 
Aokowitsch  (1885),  after  injuring  the  cardiac  valves  in  rabbits,  in- 
jected into  the  circulation  pure  cultures  of  various  bacteria.  He 
obtained  positive  results  with  Staphylococcus  aureus  and  Strepto- 
coccus pyc^enes  only.  When  these  micrococci  were  injected  into 
the  trachea  or  subcutaneously  the  result  was  negative,  as  was  the 
case  when  very  few  cocci  were  injected  into  a  vein,  or  when  two 
days  or  more  were  allowed  to  elapse  after  injury  to  the  cardiac* 
vsJves.  Subsequently  Weichselbaum,  Prudden,  and  Frankel  and 
Sanger  obtained  confirmatory  results,  thus  establishing  the  fact  that 
when  the  valves  are  first  injured  mechanically  (or  chemically — 
Prudden)  the  injection  into  a  vein  of  a  pure  culture  of  Staphylococcus 
aureus  gives  rise  to  a  genuine  ulcerative  endocarditis.  It  has  been 
further  shown  by  Ribbert  that  the  same  result  may  be  obtained  with- 
out previous  injury  to  the  valves  by  injecting  into  a  vein  the  staphy- 
lococcus from  a  potato  culture  suspended  in  water.  In  his  experi- 
ments not  only  the  micrococci  from  the  surface  but  the  superficial 
layer  of  the  potato  was  scraped  off  with  a  sterilized  knife  and  mixed 
with  distilled  water ;  and  the  successful  result  is  ascribed  to  the  fact 
that  the  little  agglomerations  of  micrococci  and  infected  fragments 
of  potato  attach  themselves  to  the  margins  of  the  valves  more  readily 
than  isolated  cocci  would  do.  In  these  experiments  the  mitral  and 
tricuspid  valves  were  affected,  while  the  semilunar  valves  remained 
intact  In  ulcerative  endocarditis  it  is  evident  that  cocci  detached 
from  the  diseased  valves  must  find  their  way  into  the  circula- 
tion. As  a  matter  of  fact,  masses  of  micrococci  are  carried  away  by 
the  blood  stream  and  form  emboli  in  various  parts  of  the  body,  which 
become  secondary  foci  of  infection  and  give  rise  to  local  necrotic 
changes  and  accumulations  of  pus.  While  this  undoubtedly  occurs, 
it  is  generally  admitted  that  the  mycotic  infection  of  the  cardiac 
valves  is  usually  a  secondary  aft*ection,  resulting  from  the  transpor- 
tation of  micrococci  in  the  blood  current  from  some  other  infected 
focus.     But  there  is  no  general  development  of  micrococ(*i  in  the  cir- 
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culating  fluid,  and  in  man,  aa  in  animals  infected  experimental 
microscopic  examination  of  the  blood  for  microorganisms  usi 
gives  a  negative  result.  Culture  experiments  may,  however,  doi 
strate  their  presence.  Thus  recent  investigations  by  Netter,  E 
berg,  and  others  show  that  the  pus  cocci  are  usually  present  ir 
blood  in  small  numbers,  as  demonstrated  by  culture  experiment 
septic  infection  from  wounds. 

2.  STAPHYLOCOCCUS  PYOGENES  ALBUS. 

Isolated  by  Rosenbach  (1884)  from  the  pus  of  acute  abscesse 
which  it  is  sometimes  the  only  microorganism  present,  and  s< 
times  associated  with  other  pus  cocci.  In  thirty-three  acute  absc( 
examined  by  Passet  (1885)  it  was  associated  with  Staphyloco 
aureus  in  eleven,  with  Staphylococcus  citreus  in  two,  with  Strc 
coccus  pyogenes  in  one,  with  both  Staphylococcus  citreus  and  Si 
tococcus  pyogenes  in  one,  and  was  obtained  alone  from  four. 

In  its  morphology  this  micrococcus  is  identical  with  the  pro 
ing,  but  it  is  distinguished  from  it  by  the  absence  of  pigment 
by  being  somewhat  less  pathogenic.  Surface  cultures  upon  nuti 
agar  or  potato  have  a  milk-white  color.  It  liquefies  gelatin  in 
same  way  as  does  the  golden  staphylococcus,  but  the  deposit  at 
bottom  of  the  liquefied  gelatin  is  without  color.  In  the  tempera 
conditions  favorable  to  its  growth,  and  in  its  biological  charac 
generally,  with  the  exceptions  noted,  it  is  not  to  be  distinguij 
from  the  species  previously  described.  According  to  Fliigge, 
more  common  than  aureus  among  many  of  the  lower  animals. 

Pathogenesis, — Fortunati  has  tested  the  comparative  pathog 
power  of  Staphylococcus  aureus  and  Staphylococcus  albus  by  in( 
lations  into  the  cornea  of  rabbits.  A  purulent  infiltration  of 
cornea  and  panophthalmitis  resulted  when  Staphylococcus  au: 
was  inoculated  upon  the  surface  of  the  cornea  by  scratching  witl 
infected  needle,  but  inoculations  made  in  the  same  way  witl\  Staj 
lococcus  albus  healed  spontaneously  or  gave  rise  to  a  perfora 
ulcer.  After  paracentesis  of  the  cornea  with  an  instrument  infe 
with  Staphylococcus  aureus  panophthalmitis  developed  in  thirty  ho 
the  same  result  occurred  at  the  end  of  sixty  to  seventy-two  h< 
when  the  instrument  was  infected  with  Staphylococcus  albus.  W 
a  sterilized  instrument  was  used  the  result  was  negative.  In  baci 
ological  researches  made  by  Gallenga,  in  eases  of  panophthabniti 
man,  Staphylococcus  albus  was  found  in  ten  cultures  and  Staj 
lococcus  aureus  in  nine. 

Staphylococcus  Epidermidis    Albus   (Welch). 
The  recently  published  researches  of  Welch  show  that  a  w 
staphylococcus,    probably   identical    with  Staphylococcus  pyog« 
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albus  of  Rosenbach,  is  the  most  common  microorganism  upon  the 
surface  of  the  body,  and  that  "  it  is  very  often  present  in  parts  of  the 
epidermis  deeper  than  can  be  reached  by  any  known  means  of  cuta- 
neous disinfection  save  the  application  of  heat."  With  reference  tc 
this  coccus  Welch  says  : 

"So  far  as  our  observations  extend — and  already  they  amount  to  a 
lar^  number — this  coccus  majr  be  re^rded  as  a  nearly,  if  not  quite,  con- 
stimt  inhabitant  of  the  epidermis.  It  is  now  clear  why  I  have  proposed  to 
call  it  the  Staphylococcus  epidermidis  albus.  It  possesses  such  feeble  pyo 
genie  capacitv,  as  is  shown  by  its  behavior  in  wounds  as  well  as  by  experi- 
ments on  rabbits,  that  the  designation  Staphylococcus  pyogenes  albus  does 
not  seem  appropriate.  Still,  I  am  not  inclined  to  insist  too  much  upon  this 
point,  as  very  probably  th  is  coccus,  which  has  hitherto  been  unquestionably 
identified  by  Bossowski  and  others  with  the  ordinary  Staphylococcus  pyo 
genes  albus  of  Rosenbach,  is  an  attenuated  or  modified  form  of  the  latter 
organism,  although,  as  already  mentioned,  it  presents  some  points  of  differ- 
ence from  the  classical  description  of  the  white  pyogenic  coccus." 

According  to  Welch,  this  coccus  diflFers  from  Staphylococcus  pyo- 
genes aureus  not  only  in  color,  but  also  in  the  fact  that  it  liquefies 
gelatin  more  slowly,  does  not  so  quickly  cause  coagulation  of  milk, 
and  is  far  less  virulent  when  injected  into  the  circulation  of  rabbits. 
It  has  been  shown  by  the  researches  of  Bossowski  and  of  Welch 
that  this  coccus  is  very  frequently  present  in  aseptic  wounds,  and 
that  usually  it  does  not  materially  interfere  with  the  healing  of 
wounds,  although  sometimes  it  appears  to  cause  suppuration  along 
the  drainage  tube,  and  it  is  the  usual  cause  of  *' stitch  abscess." 
Bossowski,  in  fifty  cases  of  wounds  treated  antiseptically,  obtained 
bacteria  from  the  discharges  in  forty,  and  in  twenty-six  of  these 
cases  he  found  Staphylococcus  pyogenes  albus ;  Staphylococcus  au- 
reus was  found  nine  times,  Streptococcus  pyogenes  in  two,  and  vari- 
ous non-pathogenic  bacteria  in  eight.  In  forty-five  laparotomy 
wounds  examined  by  Ghrisky  and  Robb,  in  which  strict  antiseptic 
precautions  had  been  observed,  bacteria  were  f  ottad  in  thirty-one,  and 
in  nineteen  of  this  number  Staphylococcus  albus  was  present. 
Staphylococcus  aureus  in  five,  Bacillus  coli  communis  in  six,  and 
Streptococcus  pyogenes  in  three. 

3.     STAPHYLOCOCCUS   PYOGENES   CITREUS. 

Isolated  by  Paaset  (1885)  from  the  pus  of  acute  abscesses.  In  thirty - 
three  cases  examined  it  was  found  associated  with  Staphylococcus  albus  iu 
two  and  with  Staphylococcus  albus  and  Streptococcus  pyogenes  in  one. 

In  its  morphology  this  coccus  is  identical  with  the  two  preceding  species, 
from  which  it  is  distinguished  by  the  formation  of  a  lemon-yellow  pigment! 
instead  of  a  golden  or  orange-yellow  as  in  Staphylococcus  aureus*!  The 
pigment  is  only  forme<l  in  the  presence  of  oxygen.  This  coccus  is  said  bv 
Frankel  to  liquefy  gelatin  more  slowly  than  the  previously  described  species 
—Staphylococcus  aureus  and  Staphylococcus  albus. 

As  to  its  pathogenic  properties  we  have  no  definite  information.  It  is 
included  among  the  pyogenic  biu^tcria  because  of  its  occasional  presence  in 
19 
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the  pus  of  acute  abscesses,  although  it  has  heretofore  only  been  found  i 
sociation  with  other  microorganisms. 

4.     MICROCOCCUS   PYOGENES  TENUIS. 

Obtained  by  Rosenbach  (1884)  from  pus  in  three  cases  out  of  thirty- 
examined. 

Morphology, — Micrococci,  somewhat  irregular  in  size,  but  larger 
Staphylococcus  albus,  and  seldom  associated  in  masses.  Frequently  th 
dividual  cocci  present  the  appearance  of  consisting  of  two  deeply  sts 
masses  separated  from  each  otner  by  a  paler  interspace.  Cultures  upor 
surface  of  nutrient  agar  form  a  very  thin,  transparent  layer  of  about 
millimetre  in  breadth  along  the  line  of  inoculation ;  this  resembles  a 
layer  of  varnish. 

Pathogenesis  undetermined. 

5.    STREPTOCOCCUS  PYOGENES. 

Synonyms, — Micrococcus  of  erysipelas  (Fehleisen) ;  Streptoco 
erysipelatos  ;  Streptococcus  of  pus  ;  Streptococcus  longus  (Von 
i^elsheim). 

Obtained  by  Fehleisen  from  the  skin  involved  in  cases  of  eryt 
las  (1883),  and  by  Rosenbach  (1884)  and  Passet  (1885)  from,  the 
of  acute  abscesses.  The  characters  of  the  *'  streptococcus  of  ery^ 
las"  of  Fehleisen  and  the  *^  Streptococcus  pyogenes '*  of  Rosen  I 
and  Passet  are  generally  admitted  to  be  identical,  although  s 
bacteriologists  still  describe  them  separately  and  cultures  from 
two  sources  are  still  retained  in  bacteriological  laboratories  under 
names  originally  given  them. 

Rosenbach  found  Streptococcus  pyogenes  alone  in  fifteen  ca 
and  associated  with  staphylococci  in  five  cases,  out  of  thirty-] 
cases  examined    of    acute  pus    formation.     Passet,  in  thirty-tl 
.similar  cases,  obtained  the  streptococcus  alone  in  eight  and  associ^ 
with  staphylococci  in  two.     Subsequent  researches  show  that 
micrococcus  is  frequently,  if  not  constantly,  present  in  puerp 
metritis  ;  that  it  is  the  most  frequent  microorganism  associated  \ 
ulcerative  endocarditis  ;  that  it  is  frequently  present  in  diphthei 
false  membranes,  and  especially  in  those  cases  of  diphtheritic  infi 
mation  which  are  secondary  to  scarlet  fever  and  measles  (Prudd< 
Numerous  investigations  made  by  bacteriologists  during  the  past 
years  indicate  that  this  is  a  very  important  and  widely  distribi 
pathogenic  microorganism.     It  has  also  been  frequently  found  u 
exposed    mucous   surfaces — ^mouth,    nose,    vagina — of  healthy 
dividuals. 

According  to  the  recent  researches  (1891)  of  Von  Lingelsheim^ 
Streptococcus  pyogenes  differs  from  Streptococcus  erysipelatos  in 
ing  pathogenic  both  for  mice  and  rabbits,  while  the  latter  is  pathoge 
for  rabbits  only.     The  author  named,  as  a  result  of  extended  i 
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carefully  conducted  comparative  studies,  arrives  at  the  following 

conclusions  : 

**  Accordingto  my  observations^  there  are  two  great  groups  amone  the 
streptococci.  These  cannot  be  distinguished  one  from  the  other  in  cultures 
in  highly  albuminous  media  (pus,  blood  serum),  but  present  constant  dif- 
ferences when  cultivated  in  bouillon.  The  decisive  characteristics  in  this 
medium  are  :  macroscopic,  the  cloudiness  of  the  medium  ;  microscopic,  the 
length  of  the  chains.  The  two  groups  are  with  difficulty  distinguished  in 
agar  cultures ;  more  easily  in  gelatin,  in  which  the  streptococcus  which 
forms  short  chains  causes  a  slight  liquefaction,  while  the  Streptococcus 
longus  does  not.  Upon  potato  Streptococcus  brevis  alone  shows  a  visible 
growth.  .  .  .  We  see  here  a  group  of  streptococci  which  we  separate  from 
the  others,  because  of  their  microscopic  and  cultural  differences,  under  the 
name  of  Streptococcus  brevis,  which  is  also  distinguished  by  having  no 
pathogenic  action  upon  the  animals  usually  experimented  upon.  AVe 
recognize,  on  the  other  hand,  the  streptococci  which  we  have  grouped  to- 
other as  Streptococcus  lon^s  as  all  pathogenic  and  about  in  equal  degree 
for  a  certain  species  of  animal  (rabbits) ;  out  by  experiments  upon  other 
species  (mice)  we  arrive  at  the  conclusion  that  there  must  also  be  differences 
between  these  streptococci.  It  appears  that  the  streptococci  which  are  dis- 
tinguished by  their  high  degree  of  pathogenic  power  upon  mice  are  also 
those  which  are  distinguish^  in  bouillon  cultures  by  the  formation  of  con- 

flomerate  masses.     We  find  among  these  also  one  which  is  distinguished 
y  especial  virulence  for  mice,  and  that  this  one  is  distinguished  in  cultures 
by  its  scanty  growth  upon  ox  serum." 

Von  Lingelsheim  gives  the  following  classification  of  the  strepto- 
cocci : 

Streptococci. 

NotpaUiogenic.  Pathogenic. 

Streptococcus  brevis.  Streptococcus  longus. 

Pathogenic  for  mice  and  rabbits.  Pathogenic  for  rabbits. 

(a)  Streptococcus  murisepticus.      Streptococcus  erysipelatos. 

(b)  Streptococcus  pyogenes. 

Morphology. — Spherical  cocci,  from  0.4  /i  to  1  //  in  diameter,  but 
varying  considerably  in  dimensions  in  different  cultures,  and  even 
in  a  single  chain.     Multiply  by  binary  division, 
in  one  direction  only,  forming  chains,  in  which 
the  elements  are  commonly  associated  in  pairs. 
Under  certain  circumstances,  instead  of  form- 
ing chains,   a  culture  may  contain    only,   or 
chiefly,  diplococci ;  but  usually  chains  contain- 
ing from  four  to  twenty  or  more  elements  are 
formed,  and   these  are   frequently  associated 
in  tangled  masses.     Occasionally  one  or  more 
cells  in  a  chain  greatly  exceed  their  fellows  in 
size,    and    some    bacteriologists  suppose  that        fio.  88.-Pufl  containing 
these  cells  serve  as  reproductive  spores — arthro-  (fT^^^T*^*      ^  *^ 

s]X)re8 — ^but  this  has  not  been  definitely  proven. 

Sfdins  readily  with  the  aniline  colors  and  by  Gram's  method. 
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Biological  Characters. — Grows  readily  in  various  liquid  j 
solid  culture  media,  including  all  of  those  usually  employed  in  I 
teriological  researches.  The  most  favorable  temperature  for  its 
velopment  is  from  30°  to  37°  C,  but  it  multiplies  freely  at  the  o; 
nary  room  temperature — 16°  to  18°  0. 

Streptococcus  pyogenes  is  a  facultative  anaerobic,  grow 
both  in  the  presence  and  absence  of  oxygen. 
does  not  liquefy  gelatin,  and  in  gelatin  si 
cultures  it  grows  along  the  line  of  puncti 
forming  numerous  small,  spherical,  trani 
cent,  whitish  colonies,  which  are  closely  cro^ 
ed  together  at  the  upper  portion  of  the  lin< 
growth,  and  often  distinctly  separated  fi 
each  other  below ;  upon  the  surface  thert 
often  no  growth,  or  a  scanty  development  n 
occur  about  the  point  of  entrance  of  the  ino 
lating  needle.  The  minute  colonies  along 
line  of  puncture  are  already  visible  at  the  i 
of  twenty-four  hours  in  cultures  kept  in 
incubating  oven  at  30°  to  35°  C,  and  at  the  i 
of  three  or  four  days  they  have  reached  tl 
full  development,  forming  a  semi-opaque,  wh 
granular  column,  upon  the  margins  of  wh 
the  separate  colonies  are  seen  projecting  into 
gelatin.  On  gelatin  plates  very  small,  trans 
cent  colonies  are  developed,  which  upon  the  s 
face  spread  out  to  form  a  flat,  transparent  c 
of  about  one-half  millimetre.  Under  a  low  m 
nif  ying  power  these  colonies  are  seen  to  be  slig 
ly  granular  and  have  a  yellowish  color.  A 
later  date  they  become  darker  and  less  tra 
parent,  and  the  margin  may  show  irregular  projections  made  uf 
tangled  masses  of  cocci  in  chains.  The  characters  of  growth 
nutrient  agar  and  in  jellified  blood  serum  are  similar  to  those  in  g( 
tin,  and  on  agar  plates  colonies  are  formed  similar  to  those  ab< 
described,  except  that  they  are  somewhat  smaller  and  more  tra 
parent.  Fehleisen  and  De  Simone  state  that  the  erysipelas  coo 
may  develop  upon  the  surface  of  cooked  potato,  but  most  authorii 
— Fliigge,  C.  Frankel,  Passet,  Baumgarten — agree  that  no  gro\ 
occurs  upon  potato.  Milk  is  a  favorable  medium  for  the  growtl 
this  micrococcus,  and  the  casein  is  coagulated  by  it.  A  slightly  a 
leaction  of  the  culture  medium  does  not  prevent  its  developme 
The  thermal  death-point,  as  determined  by  the  writer,  is  betwi 
52°  and  6i°  C,  the  time  of  exposure  being  ten  minutes.  •  Accord 


V-V 


Fig.  88.-  Streptt>coccu8 
of  erysipelas  in  nutxient 
gelatin;  stick  culture  at 
end  of  four  days  at  t6°- 
18<*  C.  (Baumgarten). 
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to  De  Simone,  a  temperature  of  39.5**  to  41**  C.  maintained  for  two 
days  is  fatal  to  this  micTococcii& 

Manfredi  and  Traversa  have  injected  filtered  cultures  into  frogs, 
<!:uinea-pigs,  and  rabbits  for  the  purpose  of  ascertaining  if  any  solu- 
ble toxic  substance  is  produced  during  the  growth  of  Streptococcus 
pyogenes.  They  report  that  in  some  cases  convulsions  and  in  others 
paralysis  resulted  from  these  injections. 

Yon  lingelsheim  has  recently  (1891)  reported  the  following  re- 
sults obtained  in  an  extended  series  of  experiments  made  to  deter- 
mine the  germicidal  power  of  various  chemical  agents  as  tested  upon 
this  microorganism — time  of  exposure  two  hours  :  Hydrochloric  acid 
1 :  250,  sulphuric  acid  1  :  250,  caustic  soda  1  :  130,  ammonia  1  :  25, 
mercuric  chloride  1  : 2,500,  sulphate  of  copper  1  :  200,  chloride  of 
iron  1 :  500,  terchloride  of  iodine  1  :  750,  peroxide  of  hydrogen  1  :  50, 
( arboiic  acid  1  :  300,  cresol  1  :  250,  lysol  1  :  300,  creolin  1  :  130,  naph- 
thylamin  1  :  125,  malachite  green  1  : 3,000,  pyoktanin  1  :  700. 


Fio.  84.— Section  from  auurgin  of  an  erysipelatoiu  inflammation,  showing  streptococci  in 
Ijmph  spaces.    From  a  photograph  by  Koch,    x  000. 

Pathogenesis. — When  inoculated  into  the  cornea  of  rabbits 
Streptococcus  pyogenes  gives  rise  to  keratitis.  Inoculations  into  the 
ear  of  the  same  animal  usually  give  rise  to  a  localized  erysipelatous 
inflammation  accompanied  by  an  elevation  of  temperature  in  the  in- 
cKHilated  ear ;  at  the  end  of  thirty-six  to  forty-eight  hours  the  in- 
flamed area,  which  has  well-defined  margins  and  a  bright-red  color, 
extends  from  the  point  of  inoculation  along  the  course  of  the  veins  to 
the  root  of  the  ear.  This  appearance  passes  away  in  the  course  of  a 
few  days  and  the  animal  recovers.  Subcutaneous  injections  into  mice 
or  rabbits  are  usually  without  result,  and  the  last-named  animal  also 
^vithstands  injections  of  considerable  quantities  into  the  general  cir- 
culation through  a  vein.  When,  however,  the  animal  has  previously 
l)een  weakened  by  the  injection  of  toxic  substances  the  streptococcus 
luay  multiply  in  its  body  and  cause  its  death  (Fliigge). 

Fehleisen  has  inoculated  cultures,  obtained  in  the  first  instance 
from  the  skin  of  patients  with  erysipelas,  into  patients  in  hospital 
suffering  from  lupus  and  carcinoma,  and  has  obtained  positive  re- 
sults,   a    typical    erysipelatous    inflammation     having    developed 
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around  the  point  of  inoculation  after  a  period  of  incubation  of  f 
fifteen  to  sixty  hours.  This  was  attended  with  chilly  sensations 
an  elevation  of  temperature.  Persons  who  had  recently  recovi 
from  an  attack  of  erysipelas  proved  to  be  immune. 

Sections  made  from  the  ear  of  an  inoculated  rabbit,  or  of  skin  t£ 
from  the  affected  area  in  erysipelas  in  man,  show  the  streptocoo 
considerable  numbers  in  the  lymph  channels,  but  not  in  the  b 
vessels.  They  are  more  numerous,  according  to  Koch  and  to  B 
eisen,  upon  the  margins  of  the  erysipelatous  area,  and  may  eve 
seen  in  the  lymph  channels  a  Uttle  beyond  the  red  margin  w! 
marks  the  Une  of  progress  of  the  infection. 

The  researches  of  Weichselbaum  and  others  show  that  Strc 
coccus  pyogenes  is  the  infecting  microorganism  in  a  certain  pre 
tion  of  the  cases  of  ulcerative  endocarditis.  The  author  na 
found  it  in  four  cases  out  of  fifteen  examined,  and  in  two  cas< 
endocarditis  verrucosa  out  of  thirteen.  In  a  previously  reported  st 
of  sixteen  cases  (fourteen  of  ulcerative  endocarditis  and  two  of 
rucosa)  the  streptococcus  was  found  in  six. 

In  diphtheritic  false  membranes  this  streptococcus  is  very  c 
monly  present,  and  in  certain  cases  attended  with  a  diphtheritic  « 
dation,  in  which  the  Bacillus  diphtheriae  has  not  been  found  by  c 
potent  bacteriologists,  it  seems  probable  that  Streptococcus  pyog 
is  the  pathogenic  microorganism  responsible  for  the  local  inflana 
tion  and  its  results.  Thus  in  a  series  of  twenty-four  cases  studies 
Prudden  in  1889  the  bacillus  of  Loffler  was  not  found,  **but  a  si 
tococcus  apparently  identical  with  Streptococcus  pyogenes  was  f  c 
in  twenty-two.  ^^  Chantemesse  and  Widal  have  also  reported  c 
in  which  a  fibrinous  exudate  resembling  that  of  diphtheria  was 
sociated  with  a  streptococcus.  "  These  forms  of  so-called  diphtt 
are  most  commonly  associated  with  scarlatina  and  measles,  eryi 
las,  and  phlegmonous  inflammation,  or  occur  in  individuals  exp 
to  these  diseases  ;  but  whether  exclusively  under  these  conditio] 
not  yet  established^'  (Prudden). 

Loffler  has  described  under  the  name  of  Streptococcus  art 
lorum  a  micrococcus  obtained  by  him  from  the  affected  mm 
membrane  in  cases  of  diphtheria,  and  which  he  behoves  to  be  i 
dentally  present  and  without  any  etiological  import  in  this  dis€ 
In  its  characters  it  closely  resembles  Streptococcus  pyogenes  an 
perhaps  a  variety  of  this  widely  distributed  species.  Its  charac 
are  described  by  Fliigge  as  follows  : 


**  Cultivated  in  nutrient  gelatin,  it  forms  at  the  end  of  three  days  sk 
transparent,  light-gray  drops,  upon  tlie  margin  of  which,  under  the  m 
scope,  the  cocci  in  twisted  chains  may  be  observed.     As  many  as  one  J 
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dred  elements  ma;^  be  found  in  a  single  chain,  and  some  of  these  are  distin- 
fished  by  their  size;  occasionally  whole  chains  are  made  up  of  these  large 
cocci,  and  when  closely  observed  some  of  these  may  present  indications  of 
division  transversely  to  the  axis  of  the  chain.  Subcutaneous  inoculation  of 
cultures  into  mice  results  in  the  death  of  a  considerable  number  of  these  ani- 
laals — more  than  half;  and  the  streptococci  are  found  in  the  spleen  and  other 
organs.  Inoculation  into  the  ear  of  rabbits  causes  an  erysipelatous  inAam- 
raation.  When  injected  into  the  circulation  of  these  animals  through  a  vein 
joint  affections  are  developed  in  from  four  to  six  days,  and  a  purulent  ac- 
cumulation occurs  in  which  the  streptococci  are  found.  In  two  rabbits  in- 
oculated in  the  same  way  with  a  culture  of  the  streptococcus  of  erysipelas, 
LoiTier  has  observed  a  similar  result.^' 

Recent  researches  indicate  that  infection  by  Streptococcus  pyo- 
genes through  the  endometrium  is  the  usual  cause  of  puerperal 
fever.  Thus  Clivio  and  Monti  demonstrated  its  presence  in  five 
eases  of  puerperal  peritonitis.  Czemiewski  found  it  in  the  lochia  of 
a  large  number  (thirty-five  out  of  eighty-one)  of  women  suffering 
from  puerperal  fever,  but  in  the  lochia  of  fifty-seven  healthy  puer- 
j)eral  women  he  was  only  able  to  find  it  once.  In  ten  fatal  cases  he 
found  it  in  every  instance,  both  in  the  lochial  discharge  during  life 
and  in  the  organs  after  death.  Widal  carefully  studied  a  series  of 
sixteen  cases  and  arrived  at  the  conclusion  that  this  was  the  infect- 
ing microorganism  in  all.  Bumm  and  other  observers  have  given 
similar  evidence.  Eiselsberg  and  Emmerich  have  succeeded  in  de- 
monstrating the  presence  of  the  streptococcus  in  hospital  wards  con- 
taining cases  of  erysipelas.  That  puerperal  fever  may  result  from 
infection  through  the  finger  of  the  accoucheur,  when  he  has  previ- 
ously been  in  contact  with  cases  of  erysipelas,  has  long  been  taught, 
and,  in  view  of  the  facts  above  recorded,  is  not  difficult  to  under- 
stand. But  in  view  of  the  fact  that  the  streptococcus  of  pus  has  been 
found  in  vaginal  mucus  and  in  the  buccal  and  nasal  secretions  of 
healthy  persons,  it  may  appear  strange  that  cases  of  puerperal  fever 
not  traceable  to  infection  from  erysipelas  or  from  preceding  cases 
do  not  occur  more  frequently.  This  is  probably  largely  due  to  an 
attenuation  of  the  pathogenic  power  of  the  streptococcus  when  it 
leads  a  saprophytic  existence.  Widal  asserts  that,  when  cultivated 
in  artificial  media  for  a  few  weeks,  the  cultures  no  longer  have  their 
original  virulence,  and  Bumm  has  made  the  same  observation.  On 
the  other  hand,  in  '^  streptococcus-peritonitis  "  occurring  as  a  result 
of  puerperal  infection  Bumm  states  that  the  thin,  bright-yellow, 
odorless  fluid  contained  in  the  cavity  of  the  abdomen  is  extremely 
virulent ;  a  very  slight  trace,  a  fragment  of  a  drop,  injected  into  the 
abdominal  cavity  of  a  rabbit,  is  sufficient  within  twenty-four  hours 
to  cause  a  general  septic  inflammation  with  a  bloody  serous  exuda- 
tion, quickly  terminating  in  the  death  of  the  animal ;  injected  sub- 
cutaneously  it  gives  rise   to  an    enormous  phlegmon  which  also 
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quickly  proves  fatal.  But  cultures  of  Streptococcus  pyogenes,  ai 
it  has  been  carried  through  successive  generations  in  artificial  mec 
injected  beneath  the  skin  of  a  rabbit,  usually  produce  no  result, 
at  most  an  abscess  of  moderate  dimensions. 

It  seems  probable  that  the  micrococcus  isolated  by  Fliigge  f  r 
necrotic  foci  in  the  spleen  of  a  case  of  leucocythsemia,  and  descril 
by  him  under  the  name  of  Streptococcus  pyogenes  maUgnus,  \ 
simply  a  very  pathogenic  variety  of  the  streptococcus  of  pus. 
was  not  able  to  diflFerentiate  it  from  Streptococcus  pyogenes  by 
morphology  or  growth  in  culture  media,  but  it  proved  far  m 
pathc^enic  when  tested  upon  animals.     Mice  inoculated  subcuta 
ously  with  a  minute  quantity  of  a  pure  culture  died,  without  exc 
tion,  in  three  to  five  days.     A  large  abscess  was  formed  at  the  pc 
of  inoculation,  and  the  blood  of  the  animal  contained  numerous  cc 
in  pairs  and  chains.     Rabbits  inoculated  in  the  ear  showed  at  f 
the  same  local  appearances  as  result  from  inoculations  with  strei 
coccus  of  pus  and  of  erysipelas,  but  after  two  or  three  days  syi 
toms  of  general  infection  were  developed,  and  death  occurred  at 
end  of  three  or  four  days.     At  the  autopsy  the  cocci  were  found 
the  blood,  and  frequently  there  were   purulent  collections  in 
joints  containing  the  same  microorganism.     Krause  has  also 
scribed  a  streptococcus  which  only  differs  from  Streptococcus  p 
genes  of  Rosenbach  and  Passet  by  the  greater  virulence  manif  es 
by  its  cultures. 

The  fact  that  pathogenic  bacteria  may  attain  an  intensified 
gree  of  virulence  by  cultivation  in  the  bodies  of  susceptible  anim 
was  demonstrated  by  Davaine  many  years  ago,  and  is  fully  est 
lished  by  the  experiments  of  Pasteur  and  others.  It  is  true  of 
anthrax  baciUus,  of  the  writer's  Micrococcus  Pasteuri,  and  of  ot! 
well-known  pathogenic  microorganisms.  The  reverse  of  this — 
tenuation  of  virulence  as  a  result  of  cultivation  in  artificial  uxedh 
is  also  well  estabhshed  for  several  pathogenic  species.  Now 
appears  that  the  attenuated  streptococcus  is  far  less  likely  to  g 
rise  to  erysipelas  or  to  puerperal  infection  than  is  the  same  mic 
organism  as  obtained  from  a  case  of  one  or  the  other  of  these  ini 
tious  diseases.  The  same  is  probably  true  also  of  Staphylococ< 
aureus  and  other  facultative  parasites  which  are  found  as  sap 
phytes  upon  the  surface  of  the  body  and  upon  exposed  mucous  me 
branes  in  healthy  persons.  And  it  is  not  improbable  that  attenua 
varieties  of  these  micrococci  which  find  their  way  into  open  woun 
or  into  the  uterine  cavity  shortly  after  parturition,  if  they  escj 
destruction  by  the  sanguineous  discharge,  acquire  increaseil  pat 
genie  power  from  their  multiplication  in  it,  as  a  result  of  which  tl 
aro  able  to  invade  the  living  tissues.     But  it  appears  probable  t] 
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infection  through  open  wounds  does  not  depend  alone  upon  the 
potency  of  the  pathogenic  micrococci  present  in  them,  but  also  upon 
the  absorption  of  chemical  poisons  produced  by  septic  (putrefactive) 
bacteria,  which  weaken  the  vital  resisting  power  of  the  tissues. 
Gottstein,  as  a  result  of  experiments  made  by  him,  is  of  the  opinion 
that  the  resorption  of  broken-down  red  blood  corpuscles  favors  infec- 
tion by  pathogenic  bacteria  present  in  wounds  ;  and  he  has  shown 
that  the  injection  into  animals  of  certain  toxic  substances  which  de- 
stroy the  red  corpuscles  in  the  circulation  makes  them  susceptible  to 
the  pathogenic  action  of  certain  bacteria  which  are  harmless  for 
them  under  ordinary  circumstances.  Thus  a  guinea-pig,  an  animal 
which  is  immune  against  the  bacillus  of  fowl  cholera,  succumbed  to  an 
inoculation  made  after  first  injecting  subcutaneously  0.06  gramme  of 
hydracetin  dissolved  in  alcohol.  At  the  autopsy  hsBmorrhagic  exu- 
dations were  found  in  the  serous  cavities,  hsBmorrhagic  infarctions 
in  the  lungs,  and  quantities  of  the  bacillus  injected  were  found  in 
the  blood  and  in  fluid  from  the  cavity  of  the  abdomen. 

In  man  the  ever-present  pus  cocci  are  more  Hkely  to  invade  the 
tissues,  forming  furuncles,  carbuncles,  and  pustular  skin  eruptions, 
or  erysipelatous  and  phlegmonous  inflammations,  when  the  standard 
of  health  is  reduced  from  any  cause,  and  especially  when  by  absorp- 
tion or  retention  various  toxic  organic  products  are  present  in  the 
body  in  excess.  It  is  thus  that  we  would  explain  the  liabiUty  to  these 
local  infections,  as  compUcations  or  sequelae  of  various  specific  infec- 
tious disecises,  in  the  victims  of  chronic  alcoholism,  in  those  exposed 
to  septic  emanations  from  sewers,  etc.,  and  probably  in  many  cases 
from  the  absorption  of  toxic  products  formed  in  the  ahmentary  canal 
as  a  result  of  the  ingestion  of  improper  food,  or  of  abnormal  fermen- 
tative changes  in  the  contents  of  the  intestine,  or  from  constipation. 

The  Pus  Coed  in  Inflammations  of  Mucous  Membranes, — 
To  what  extent  the  pus  cocci  are  responsible  for  inducing  and  main- 
taining non-specific  inflammations  of  mucous  membranes  has  not 
been  determined ;  but  having  demonstrated  the  pyogenic  properties 
of  these  cocci,  their  presence  in  the  purulent  discharges  from  inflamed 
mucous  membranes  can  scarcely  be  considered  as  imimportant,  not- 
withstanding the  fact  that  they  are  also  f requentiy  found  in  secre- 
tions from  healthy  mucous  surfaces.  They  are  hkewise  found  upon 
the  skin  of  healthy  persons,  and  yet  we  have  imimpeachable  experi- 
mental evidence  that  they  may  produce  a  local  inflammation,  at- 
tended with  pus  formation,  when  injected  subcutaneously,  or  even 
when  freely  appUed  to  the  uninjured  surf  ace. 

In  otitis  media  Levy  and  Schrader  obtained  Staphylococcus 
albus  in  pure  cultures  in  three  cases  out  of  ten  in  which  paracentesis 
was  performed,  and  in  two  others  it  was  present  in  association  with 
ao 
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other  microorganisms.  In  eighteen  cases  of  otitis  media  in 
children  Netter  found  Staphylococcus  aureus  six  times  and  £ 
coccus  pyogenes  thirteen  times.  Scheibe,  in  eleven  cases  ii 
perforation  had  not  yet  taken  place,  found  Staphylococcus  i 
two  and  various  other  microorganisms  in  the  remaining  case 
phylococcus  aureus  was  not  present  in  any.  Habermann  o 
aureus  associated  with  other  bacteria  in  a  single  case  of  p 
otitis  media.  In  a  series  of  eight  cases  occurring  as  a  seq 
influenza  Scheibe  obtained  Streptococcus  pyogenes  in  two,  ' 
coccus  pneumonisB  "  in  two.  Staphylococcus  aureus  in  one,  £ 
coccus  pyogenes  and  Staphylococcus  albus  together  in  two,  and 
tococcus  pyogenes  in  association  with  an  undescribed  microcc 
one.  In  all  of  these  cases  a  slender  bacillus  was  also  pres 
shown  by  microscopical  examination,  which  did  not  grow  in 
the  culture  media  employed.  Bordoni-Uffreduzzi  and  Gk 
have  tabulated  the  results  obtained  by  various  bacteriologis 
have  examined  pus  obtained  through  the  previously  intact  ty 
membrane.  In  thirty-two  cases  of  this  character  the  microor] 
most  frequently  found  was  diplococcus  pneumoniae  (Micr< 
pneumoniae  crouposae  of  the  present  writer),  which  was  prese 
pure  culture  in  thirteen  and  associated  with  Staphylococcus 
in  one,  with  Staphylococcus  albus  in  one,  and  with  Streptc 
pyogenes  in  one.  In  the  other  sixteen  cases  the  pyogenic  coc 
present  in  all  but  two,  in  which  bacilli  were  found — BaciUuf 
in  one,  a  non-Uquefying  bacillus  in  one.  In  twenty-seven  c 
which  the  pus  was  withdrawn  from  one  to  thirty  days  after  pj 
tesis  or  spontaneous  rupture  of  the  membrane,  the  pyogeni 
were  present  in  twenty  and  diplococcus  pneumoniaB  in  seven. 

In  acute  nasal  catarrh  Paulsen  found  Staphylococcus  aui 
seven  cases  out  of  twenty-four  examined,  and  E.  FrILnkel  in  tw< 
four ;  but  it  must  be  remembered  that  Von  Besser  has  shown  tl 
micrococcus  is  frequently  present  in  the  secretions  from  the  1 
nasal  mucous  membrane,  and  we  have  experimental  evidenc 
the  pus  organisms,  when  introduced  into  the  conjunctival 
rabbits  (Widmark),  do  not  give  rise  to  catarrhal  inflammatioi 
the  other  hand,  Widmark  foimd  that  when  inoculated  into  the 
of  rabbits  an  intense  conjunctivitis  resulted,  together  with  k< 
and  perforation  of  the  cornea  in  fifteen  per  cent  of  the  cases, 
same  author  in  his  bacteriological  researches  obtained  the  py 
staphylococci  from  the  circumscribed  abscesses  of  blepharac 
while  in  inflammation  of  the  lacrymal  sac  Streptococcus  py 
was  usually  present. 

Shougolowicz,in  the  bacteriological  examination  of  twenty-si 
of  trachoma^  found  Staphylococcus  albus  in  twelve,  Staphylo 
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aureus  in  niney  Staphylococcus  citreus  in  three,  and  Staphylococcus 
cereus  albus  in  three.  These  pus  organisms  were  in  a  number  of 
the  cases  associated  with  other  well-known  saprophytes,  and  in  seven 
cases  a  short  bacillus  not  previously  described  was  found.  That 
various  bacilli  are  found  in  the  conjunctival  sac  of  healthy  eyes 
and  in  different  forms  of  conjunctivitis  has  been  shown  by  Fick, 
whose  results  do  not  correspond  in  this  respect  with  those  of  Gif- 
ford,  who  found  almost  exclusively  micrococci.  Whatever  may  be 
the  final  conclusion  as  to  the  role  of  the  pus  cocci  heretofore  de- 
scribed in  the  etiology  of  acute  or  chronic  conjunctivitis,  there  can  be 
no  doubt  of  the  power  of  the  "  gonococcus  "  to  induce  a  virulent  in- 
flammation of  the  conjunctivae  when  introduced  into  healthy  eyes. 

6.  MICROCOCCUS  GONORRHCEJE 

Synonym. — ^Gonococcus  (Neisser). 

Discovered  by  Neisser  (1879)  in  gonorrhoeal  pus  and  described  by 
him  under  the  name  of  "  Gonococcus.  *'  Cultivated  by  Bumm  (1885), 
and  infective  virulence  proved  by  inocula- 
tion into  man.  Constantly  present  in  viru- 
lent gonorrhoeal  discharges,  for  the  most 
part  in  the  interior  of  the  pus  cells  or  at-  ^sij 
tached  to  the  surface  of  epithelial  cells.  **       ^^^ 

Morphology. — Micrococci,  usually  join-      a       ^^  i^n 
ed  in  pairs  or  in  groups  of  four,  in  which  '^IrMS^ 

the    elements    are    flattened  —  "  biscuit- 
shaped.*'    The  flattened  surf  aces  face  each  a   A   A   A  M 
other  and  are  separated,  in  stained  pre-  V  V   W    tf   (I 
parations,    by    an    unstained    interspace.     ^        ^       ^ 
The  diameter  of  an  associated  pair  of  cells  pure  culture,  x  about  i,ooo;  6,koiio- 

Varies  from  0.8  to  1.6  /i  in  the  long  dia-    ®^^*  inpusoells  and  epithelial  cell 
X  'Lxifte'  ji?  trom  ease  of  gonorrhoBal  ophthal- 

meter— average  about  1.25  //— and  from  ^j^.  ^  form  and  mode  of  division 
0.6  to  0.8  /i  in  the  line  of  the  interspace  ofgonococd-Bchematic.  (Bumm.) 
between  the  biscuit-shaped  elements,  which 

sometimes  present  a  slight  concavity  of  the  flattened  surfaces.  Mul- 
tiplication occurs  alternately  in  two  planes,  and  as  a  result  of  this 
groups  of  four  are  frequently  observed.  But  diplococci  are  more 
numerous  and  are  considered  as  the  characteristic  mode  of  grouping. 
Single,  spherical,  undivided  cells  are  rarely  seen. 

It  must  be  remembered  that  the  morphology  of  this  micrococcus 
as  above  described  does  not  suffice  to  distinguish  it,  for  Bumm  has 
shown  that  **  the  biscuit  form  is  not  at  all  specific  for  the  gonococcus, 
but  is  shared  with  it  by  a  number  of  microorganisms,  which  consist 
of  two  hemispherical  elements  with  the  flattened  surfaces  facing  each 
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other  and  separated  by  a  cleft,  and  some  of  these  correspond  in  their 
«iorphology,  in  every  detail,  with  the  gonococcus/^ 

Stains  quickly  with  the  basic  aniline  colors,  especially  with 
methyl  violet,  gentian  violet,  and  fuchsin;  not  so  quickly  with 
methylene  blue,  which  is,  however,  one  of  the  most  satisfacton- 
staining  agents  for  demonstrating  its  presence  in  pus.  Beautiful 
double-stained  preparations  may  be  made  from  gonorrhoea!  pus, 
spread  upon  a  cover  glass  and  "  fixed,"  secundum  artern,  by  the  use 
of  methylene  blue  and  eosin.  Does  not  stain  by  Gram's  method— 
i.e.,  the  cocci  are  decolorized,  after  having  been  stained  with  an  ani- 
line color,  by  being  immersed  in  the  iodine  solution  employed  in 
Gram'ft  method  of  staining.  But  this  character  cannot  be  depended 
upon  alone  for  establishing  the  diagnosis,  for  Bumm  has  shown  that 


Fig.  88.—*'  Gonoooocus ''  in  goDorrhceal  pus.   From  a  photomicrograph  by  Frftnkel  and  Pfeiffer 
X  1.000. 

other  diplococci  are  occasionally  found  in  gonorrhoeal  pus  which  do 
not  stain  by  this  method.  It  serves  to  distinguish  them,  however,  from 
the  common  pus  cocci  heretofore  described — Staphylococcus  aureus. 
Staphylococcus  albus,  Staphylococcus  citreus— which  retain  their 
color  when  treated  in  the  same  way.  A  more  trustworthy  diagnostic 
character  is  that  these  biscuit-shaped  diplococci  are  found  within  the 
pus  cells,  sometimes  one  or  two  pairs  only,  but  more  frequently  in 
considerable  numbers,  and  occasionally  in  such  numbers  as  to  com- 
pletely fill  the  cell.  No  similar  picture  is  presented  by  pus  from  any 
other  source,  with  the  exception  of  that  fiom  a  form  of  "  puerpenil 
cystitis ''  which  Bimim  has  described.  But  in  this  the  diplococci 
contained  in  the  pus  cells  were  to  be  distinguished  by  the  fact  that 
they  retained  their  color  when  treated  by  Gramas  methxxi.     Owing 
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to  the  difficulty  of  cultivatiiig  this  micrococcus,  and  the  importance, 
under  certain  circumstances,  of  not  making  a  mistake  in  its  diag- 
nosis, these  characters  are  of  exceptional  value. 

Biological  Characters. — The  "  gonococcus  *'  does  not  grow  in 
flesh  infusions,  in  nutrient  gelatin  or  agar,  but  it  may  be  cultivated 
upon  blood  serum,  and,  according  to  Bumm,  grows  more  readily  upon 
human  blood  serum  than  upon  that  of  the  lower  animals.  This 
he  obtained  for  his  experiments  from  the  placenta  of  a  recently  de- 
livered woman  by  passing  two  ligatures  around  the  cord  before 
separating  the  child  from  its  placental  attachment,  and  dividing  it 
between  them.  But  even  upon  blood  serum  obtained  in  this  way  it 
is  not  a  simple  matter  to  obtain  a  pure  culture.  When  other  micro- 
cocci are  present,  even  in  small  numbers,  they  take  the  precedence 
and  overgrow  the  surface  of  the  culture  medium  before  the  gono- 
coccus  has  made  any  visible  growth.  It  is  therefore  necessary  to 
start  a  culture  with  pus  containing  this  micrococcus  only  and  in 
considerable  numbers.  And  the  pus  should  not  be  spread  out  in  a 
thin  layer,  but  should  be  distributed  upon  the  surface  in  httle  drops 
or  masses,  in  which  the  development  commences.  A  temperature 
of  30**  to  34°  C.  is  most  favorable  for  the  development  of  this  micro- 
coccus, and  Bimim  reconmaends  the  transfer  to  fresh  culture  material 
in  from  eighteen  to  twenty-four  hours.  The  cultures  thrive  best  in 
a  moist  atmosphere,  and  it  is  well  to  place  the  tubes  containing  them 
in  a  large  glass  jar  partly  filled  with  distilled  water  and  having  a 
tightly  fitting  cover.  The  g^wth  under  the  most  favorable  condi- 
tions is  slow,  and  frequently  no  development  occurs  when  pus  con- 
taining numerous  gonococci  is  placed  upon  blood  serum  in  an  incu- 
bating oven  ;  or  after  a  sUght  multiplication  development  ceases  and 
the  cocci  undergo  degenerative  changes  and  quickly  disappear. 

Cultures  upon  the  surface  of  blood  serum  form  a  very  thin,  often 
scarcely  visible  layer,  with  a  smooth,  moist,  shining  surface,  and 
by  reflected  light  a  grayish-yellow  color.  The  growth  at  the  end  of 
twrenty-four  hours  may  extend  for  a  distance  of  a  millimetre  along 
the  line  of  inoculation,  but  at  the  end  of  two  or  three  days  no  fur- 
ther development  occurs  and  the  cocci  soon  lose  their  vitality.  This 
micrococcus,  then,  is  aerobic.  Whether  it  may  also  be  a  facultative 
anaerobic  has  not  been  definitely  determined,  but  it  does  not  grow 
along  the  line  of  puncture  when  stick  cultures  are  made  in  blood  se-  . 
rum.  Its  rapid  and  abundant  multiplication  in  gonorrhoeal  infection 
of  mucous  membranes,  and  the  difficulties  attending  its  cultivation 
inartificial  media,  show  that  the  gonococcus  is  a  strict  parasite. 

Lestikow  and  Loffier,  prior  to  the  publication  of  Bumm's  impor- 
tant monograph,  had  reported  successful  results  in  cultivating  the 
gonococcus  upon  a  mixture  of  blood  serum  and  gelatin.     Bockhart 
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has  since  recommended  a  mixture  of  nutrient  a.gar  (two  parts),  Hi 
fied  at  a  temperature  of  SC  C,  with  blood  serum  (two  to  tl 
parts)  at  20**  C.  By  quickly  mixing  with  this  a  little  pusxx)ntaii 
the  gonococcus  he  was  able  to  obtain  colonies  upon  plate  cxiltu 
made  by  pouring  the  liquid  mediimi  upon  sterile  glass  plates  in 
usual  manner. 

Development  does  not  occur  below  25°  or  above  38**  C. 
writer  has  shown  that  a  temperature  of  60°  C.  maintained  for 
minutes  destroys  the  infective  virulence  of  gonorrhoeal  pus. 

Pathogenesis. — That  the  gonococcus  is  the  cause  of  the  spe 
inflammation  and  purulent  discharge  characteristic  of  gonorrhoe 
now  generally  admitted  upon  the  experimental  evidence  obtaine< 
Bumm.  Having  succeeded  in  obtaining  it  in  pure  cultures  f 
gonorrhoeal  pus,  he  made  successful  inoculations  in  the  healthy 
thra  in  two  cases — once  with  a  third  culture  and  once  with 
which  had  been  transferred  through  twenty  successive  generati 
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Fio.  87.— 0<morrh<Bal  oonjunotivitlB,  Mcoiid  day  of  siokDeas;  sectkm  through  the  muoous 
brane  of  upper  eyelid ;  invasion  of  the  epithelial  layer  by  gonocoocl.    (Bumm. ) 

In  both  cases  a  typical  gonorrhoea  developed  as  a  result  of  the  hn 
lation. 

Schrotter  and  Winkler  (1890)  report  their  success  in  cultiva^ 
the  gonococcus  upon  albumin  from  the  egg  of  the  pewit — **  Kibi 
In  the  culture  oven  at  38°  C.  a  thin,  transparent,  whitish  layer 
already  visible  at  the  end  of  six  hours  and  rapidly  extended  ; 
growth  was  less  abundant  at  the  end  of  three  days,  and  had  enti 
ceased  by  the  fifth  day.  Attempts  to  cultivate  the  same  micr 
ganism  in  albumin  from  hens'  eggs  gave  a  negative  result. 

Aufuso  (1891)  has  cultivated  the  gonococcus  in  fluid  obtai 
from  the  knee  joint  in  a  case  of  chronic  synovitis,  but  failed  to  ci 
vate  it  in  the  fluid  of  ascites.  A  culture  of  the  twelfth  genera 
made  upon  the  culture  medium  mentioned,  solidified  by  heat, 
introduced  into  the  urethra  of  a  healthy  man  and  gave  rise  1 
characteristic  attack  of  gonorrhoea. 

The  mucous  membranes  in  man  which  are  subject  to  gonorrh 
infection  are  those  of  the  urethra,  the  conjunctiva,  the  cervix  ui 
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and  the  vagina  in  children — the  vagina  in  adults  is  not  involved. 
Inoculations  of  gonorrhoeal  pus  into  the  vag^a  or  conjunctival  sac  of 
the  lower  animals — dogs^  rabbits,  horsed,  apes — are  without  result. 

The  very  numerous  researches  which  have  been  made  by  compe- 
tent bacteriologists  show  that  the  gonococcus  is  constantly  present  in 
gonorrhoea!  discharges,  and  in  view  of  the  facts  above  stated  its  etio- 
logical import  appears  to  be  fully  established.  Bumm  has  studied 
the  development  of  blennorrhoea  neonatormn,  and  has  shown  that 
s(X)n  after  infection  the  presence  of  gonococci  may  be  demonstrated 
in  the  superficial  epithelial  cells'of  the  mucous  membrane  and  be- 
tween them  ;  that  they  soon  penetrate  to  the  deeper  layers,  and  that 
by  the  end  of  forty-eight  hours  the  entire  epithelial  layer  is  invaded 
by  the  diplococci,  which  penetrate  by  way  of  the  connecting  mate- 
rial— **  Kittsubstance  "—between  the  cells.  They  also  multiply  in 
the  superficial  layers  of  connective  tissue  and  give  rise  to  an  inflam- 
matory reaction,  which  is  shown  by  an  abundant  escape  of  leuco- 
cytes from  the  dilated  capillary  network.  The  penetration  of  the 
gonococci  to  the  deeper  layers  of  the  mucous  membrane  of  the  ure- 
thra, and  even  to  the  corpus  cavemosum,  was  observed  by  Bockhart 
in  a  case  studied  by  him  in  which  death  occurred  during  an  acute 
attack  of  gonorrhoea.  But  Bumm  concludes  from  his  researches 
that  this  is  not  usual,  and  that  the  invasion  is  commonly  limited  to 
the  superficial  layers  of  the  mucous  membrane. 

Staphylococcus  pyogenes  aureus  is  not  infrequently  associated 
with  the  gonococcus  in  late  gonorrhoeal  discharges,  and  the  abscesses 
which  occasionally  develop  as  a  complication  of  gonorrhcea,  in  the 
prostate,  the  inguinal  glands,  or  around  the  urethra,  are  probably 
due  to  its  presence,  which  has  been  demonstrated  in  the  pus  from 
sudi  abscesses  in  a  number  of  cases.  The  same  is  true  of  the  joint 
affections  and  endocarditis  which  sometimes  occur  in  the  course  of 
an  attack  of  gonorrhoea.  Although  some  authors  have  claimed  to 
find  the  gonococcus  in  these  so-called  metastatic  gonorrhoeal  inflam- 
mations, the  evidence  is  not  satisfactory,  and  it  seems  probable  that 
the  Staph^'lococcus  aureus  is  the  usual  microorganism  concerned  in 
these  affections. 


Digitized  by  CjOOQIC 


V. 
BACTERIA  IN  CROUt^OUS  PNEUMONIA. 

The  following  account  of  "  The  Etiology  of  Croupoiis  P 
nia  "  is  from  a  paper  read  by  the  writer  at  the  annual  meetinj 
Medical  Society  of  the  State  of  New  York,  at  Albany,  N.  Ti 
ruary  6th,  1889  : 

Acute  pneumonia  is  now  generally  regarded  by  the  leading  clii 
thorities  and  pathologists  in  this  country  and  in  Europe  as  a  specie 
tious  disease.  Green,  in  his  article  on  **  Inflammation  of  theLu 
Quain^s  *' Dictionary  of  Medicine,"  says:  '*lt  is  maintained  by  8 
servers  that,  like  the  specific  fevers,  it  is  due  to  a  specific  cause.  Pne 
whilst  differing  from  these  fevers  in  not  beiug  contagious,  resembl 
in  the  tjrpical  character  of  its  clinical  phenomena  and,  to  a  less  extei 
local  lesion.  The  changes  in  the  lung  occurring  in  pneumonia  cs 
induced  b^  artificial  injury  of  the  or^^,  and  it  must  therefore  be  t 
that  there  is  something  si)ecial  in  the  mflammatory  process." 

This  ** something  special"  has  been  demonstrated  by  recent  res 
and  it  is  the  object  of  the  present  paper  to  give  a  historical  account  c 
velopment  of  our  knowledjo^  with  reference  to  this  specific  infectiou 
and  of  the  experimental  evidence  upon  which  the  claim  is  founded  i 
microorganism  referred  to  bears  an  etiological  relation  to  the  di 
question. 

Evidently,  if  pneumonia  is  a  specific  infectious  disease,  the  mici 
ism  which  causes  it  is  widely  distributed,  and  the  development  of  a 
depends  rather  upon  secondary  predisposing  and  exciting  causes  th 
the  accidental  introduction  of  the  specific  agent. 

It  cannot  be  maintained  that  the  disease,  as  a  general  rule,  is  traz 
from  individual  to  individual — i,e,^  by  personal  contagion.  Clinici 
rience  is  entirely  opposed  to  this  view,  although  we  have  ample  c 
that  it  may  occur  as  an  epidemic  among  individuals  who  are  expose 
same  conditions  of  environment— -as  in  jails,  barracks,  etc.  Thus  a 
tiania,  Sweden,  an  epidemic  of  pneumonia  occurred  in  1847  in  the 
during  which  sixty-nine  of  the  prisoners  were  attacked.  And  again 
and  1867,  during  a  period  of  six  months  (December,  1866,  to  MjAy, 
similar  epidemic  was  observed  in  the  same  prison — sixty-two  cases, 
prison  epidemics  recorded  are  those  at  Frankfort  in  1876  (seventy-fin 
and  in  1876  (ninety-eight  cases) ;  at  Maringen  in  1876  (dghty-thrc 
and  in  1878  (nfty-eight  cases) ;  at  the  prison  of  D^Ansberg  in  1880  (oi 
dred  and  sixty-one  cases,  with  forty-six  deaths,  in  a  perira  of  five  m< 

Again,  we  have  numerous  records  of  village  epiaemics  and  of  ep 
confined  to  single  houses.  In  outbreaks  of  this  character,  as  in  ep 
of  typhoid  fever,  of  cholera,  and  of  yellow  fever,  there  is  a  succes 
cases  occurring  at  different  intervals,  but  it  does  not  follow  that  the 
bear  any  direct  relation  to  each  other.  On  the  contrary,  everythi 
cates  that,  as  in  the  diseases  mentioned,  in  the  presence  of  the  in 
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agent  common  predisposing  causes  relating  to  the  environment,  acting  upon 
persons  having  various  degrees  of  resisting  power,  induce  attacks  at  various 
intervals  ;  or  it  may  be  that  in  the  presence  of  the  specific  cause  and  predis- 
posing influences  an  exciting  cause,  such  as  exposure  to  cold,  alcoholic  ex- 
cess, etc.,  is  the  immediate  factor  in  the  development  of  an  attack. 

Without  stopping  to  discuss  further  the  facts  relating  to  the  epidemic 
prevalence  of  the  disease  under  consideration,  I  call  attention  to  the  well- 
established  fact  that  pneumonia  prevails  over  a  wide  area  of  the  inhabited 
surface  of  the  earth,  and  that  by  far  the  larger  number  of  cases  occur  inde- 
pendently of  any  recognized  connection  with  previous  cases,  and  often  un- 
der circumstances  in  wnich  such  connection  can  be  very  positively  excluded. 
And,  on  the  other  hand,  the  direct  transmission  of  the  disease  by  the  sick  to 
those  most  closely  associated  with  them,  as  nurses,  etc.,  if  it  occurs  at  all,  is 
evidently  a  rare  exception  to  the  general  rule. 

We  must  then  conclude,  as  stated  at  the  outset,  that  if  pneumonia  is  a 
specific  infectious  disease  the  microorganism  which  causes  it  is  widely  dis- 
tributed. As  a  matter  of  fact,  the  pathogenic  micrococcus  which,  from  the 
evidence  now  at  hand,  appears  to  be  the  specific  etiological  agent  in  acute 
pneumonia  has  been  found  in  the  buccal  secretions  of  nealthy  individuals 
m  various  parts  of  the  world—in  America,  in  France,  in  Italy,  and  in  Ger- 
many, and  no  doubt  more  extended  I'esearches  will  show  that  it  is  extremely 
common.  * 

This  statement  may  appear  at  the  outset  to  make  the  view  that  the  micro- 
coccus in  question  is  the  cause  of  croupous  pneumonia  quite  untenable. 
For,  it  may  be  asked,  how  is  it  that  the  individuals  who  have  this  microor- 
ganism in  their  buccal  secretions  escape  an  attack  of  pneumonia  ?  In  the 
present  state  of  our  knowledge  this  Question  no  longer  presents  any  serious 
difficulties.  We  know,  for  example,  tnat  the  pus  organisms— Staphylococcus 
pyogenes  aureus,  albus,  and  citreus— are  very  frequently  foima  in  the  buc- 
cal secretions  and  on  the  surface  of  the  body  of  nealthy  individuals,  and 
that,  although  these  micrococci  are  recognized  as  the  cause  of  furuncles  and 
of  all  sorts  of  acute  abscesses,  they  only  give  rise  to  the  formation  of  such 
abscesses  under  certain  special  conditions  relating  to  the  ^neial  health  of 
the  individual,  or  to  a  traumatism  by  which  their  introduction  to  vulnerable 
parts  is  effected.  A^in,  the  tetanus  bacillus  is  a  widely  distributed  micro- 
organism which  has  oeen  found  in  the  earth,  and  especially  in  rich  loam,  in 
various  parts  of  the  globe.  But  the  hands  of  farmers  and  gardeners  are  con- 
stantly soiled  with  such  eartli  without  their  contracting  tetanus.  In  this 
instance  it  has  long  been  recognized  that  a  traumatism  is  an  essential  factor 
in  the  chain  of  events  which  leads  to  the  development  of  tetanus,  and  now 
we  believe,  on  satisfactory  experimental  evidence,  that  it  is  not  the  trauma- 
tism per  «e,  or  the  injury  to  the  nerves,  or  exposure  to  cold,  which  in  certain 
cases  gives  rise  to  tins  infectious  malady,  but  that  the  result  depends  upon 
the  introduction  of  a  specific  infectious  agent  at  the  time  the  wound  was  re- 
ceived or  subsequently — the  tetanus  bacillus  of  Nicolaier. 

In  the  case  of  the  tubercle  bacillus,  also,  it  is  extremely  probable,  in  the 
light  of  our  present  knowledge,  that  this  bacillus,  in  a  living  condition,  not 
infrequently  finds  a  lodgment  in  the  mouth,  upon  the  Schneiderian  mucous 
membrane,  or  in  the  larger  bronchial  tubes  of  most  individuals  who  live  in 
populous  communities,  llere  also  the  infectious  agent  is  only  one  factor, 
although  an  essential  one,  in  the  production  of  the  infectious  disease.  It 
must  be  introduced  to  the  vulnerable  location,  and  must  find  a  favorable 
nidus  in  the  tissues  invaded.  We  have  good  reason  to  believe  that  in  this, 
as  well  as  in  other  infectious  diseases,  there  are  w^ide  differences,  inhe- 
rited or  acquired,  in  the  susceptibility  of  the  tissues  to  invasion  when  the 
infectious  agent  has  been  introduced  to  a  favorable  location. 

In  a  paper  read  before  the  Pathological  Society  of  Philadelphia  in  April, 
1885,  in  discussing  the  relation  of  my  Micrococcus  Pasteun  to  croupous 
pneumonia,  I  say:  **It  seems  extremely  probable  that  this  micrococcus  is 
concerned  in  the  etiology  of  croupous  pneumonia,  and  that  the  infectious 
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nature  of  this  disease  is  due  to  its  presence  in  the  fibrinous  exudate  intc 
pulmonary  alveoli. 

''But  this  cannot  be  considered  as  definitely  established  by  the  ex] 
ments  which  have  thus  far  been  made  upon  the  lower  animals.'  The 
stant '  presence  of  this  micrococcus  in  the  buccal  secretions  of  healthy- 
sons  indicates  that  some  other  factor  is  required  for  the  development  o: 
attack  of  pneumonia ;  and  it  seems  probable  that  this  other  factor  acts  b^ 
ducing  the  vital  resisting  power  of  the  pulmonary  tissues,  and  thus  mai 
them  vulnerable  to  the  attacks  of  the  mictx>be.  This  supposition  enable 
to  account  for  the  development  of  the  numerous  cases  of  pneumonia  wJ 
cannot  be  traced  to  infection  from  without.  The  germ  being  always 
sent,  auto-infection  is  liable  to  occur  when,  from  alcoholism,  sewer 
poisoning,  crowd  poisoning,  or  any  other  depressing  agency,  the  vital  it 
the  tissues  is  reduced  below  the  resisting  point.  We  may  suppose,  also, 
a  reflex  vaso-motor  paralysis,  affecting  a  single  lobe  of  the  lung,  for  ex 
pie,  and  induced  by  exposure  to  cold,  may  so  reduce  the  resisting  powe 
the  pulmonary  tissue  as  to  permit  this  micrococcus  to  produce  its  charac 
istic  effects. 

''Again,  we  may  suppose  that  a  person  whose  vital  resisting  powc 
reduced  by  any  of  the  causes  mentioned  may  be  attacked  by  pneuni< 
from  external  infection  with  material  containing  a  pathogenic  variet, 
this  micrococcus  having  a  potency,  permanent  or  acquired,  greater  than  i 
possessed  by  the  same  organism  in  normal  buccal  secretions.'' 

This  is  the  theory  by  which  I  have  attempted  to  explain  the  etiolog 
role  of  this  micrococcus  in  croupous  pneumonia.  Let  us  now  consider 
principal  facts  which  have  led  to  a  belief  in  its  causal  relation  to  this  dise 

Friedlander,  in  1882,  observed,  in  eig;ht  fatal  cases  of  pneumonia  in  wl 
he  made  autopsies,  microorganisms,  having  an  oval  f  orm«  in  the  exudate  ] 
the  pulmonary  alveoli;  they  wei'e  in  pairs  or  in  short  chains.  Without 
Arming  that  this  microorganism  is  the  cause  of  pneumonia,  Friedlan 
seems  to  have  considered  it  extremely  probable  that  it  bore  an  etiological 
lation  to  this  disease. 

During  the  same  year  Leyden  and  Gunther  announced  at  a  meetinc 
the  Medical  Society  of  Berlin  (November  20th,  1882)  that  they  had  found 
same  micrococcus  in  the  fibrinous  exudate  of  pneumonia,  obtained  throi 
the  thoracic  walls  by  means  of  a  Pravaz  syringe.  At  the  same  time  Gunt 
stated  that  the  elliptical  cocci,  in  specimens  stained  with  gentian  violet,  w 
surrounded  with  a  colorless  capsule. 

The  following  year  Matruy  published  his  observations.  In  sixteen  cj 
he  had  found  an  elongated  coccus  in  the  fibrinous  exudate  of  pneumonia, : 
always  having  a  very  transparent  capsule.  He  had  also  encountered 
same  microorganism  in  the  sputa  of  patients  with  other  diseases,  but  not 
abundantly  as  in  pneumonia. 

On  November  19th,  1883,  Friedlander  communicated  to  the  Medical  S< 
ety  of  Berlin  the  results  of  his  culture  aud  inoculation  experiments,  j 
"  pneumococcus  "  was  characterized  by  the  presence  of  a  capsule  which 
he  says,  "always  takes  the  form  of  the  microorganism;  if  tnis  is  round 
capsule  is  rouna;  if  it  is  elliptical  the  capsule  is  an  ellipse."  This  capsi 
however,  was  only  found  in  preparations  made  from  the  blood  of  an  ino 
lated  animal  or  from  the  fibrinous  exudate  into  the  alveoli ;  in  culturej 
was  no  longer  seen.  The  cultures  in  flesh-peptone  gelatin  presented  a  n; 
shaped  growth  which  was  believed  to  be  characteristic.  Growth  was  ra 
in  a  variety  of  culture  media  at  the  ordinary  room  temperature  (65* 
75°  F.),  and  in  a  gelatin  culture  medium  no  liquefaction  occurred. 

The  following  results  were  obtained  by  Friedlander  in  his  inoculation 
periments:    In  one  series  of  experiments  the  "pneumococci,"  mixed  w 
distilled  water,  were  injected  through  the  thoracic  walls  into  the  lun 
Nine  rabbits  inoculated  in  this  way  gave  an  entirely  negative  result.     { 

>  I  should  have  said  frequent  instead  of  "  constant  presence." 
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out  of  eleven  ^inei^pi^  are  said  to  have  succumbed  and  to  have  presented 
the  lesions  of  pneumonia.  All  of  the  mice  injected  died  within  twenty -four 
hours,  and  at  the  autopsjr  the  lungs  were  found  to  be  congested  and  to  pre- 
sent foci  of  red  hepatization.  In  a  second  series  of  experiments  upon  mice 
they  were  made  to  inhale  a  spray  containing  the  pneumococci  in  suspension. 
Several  of  these  animals  died  and  are  said  to  have  presented  a  typical  pneu- 
monia. The  **  pneumococcus,"  surrounded  by  its  characteristic  capsule,  was 
found  in.  the  lungs,  the  spleen,  the  blood,  and  the  liquid  contained  in  the 
pleural  cavity. 

Upon  tliis  evidence  Friedlander's  "pneumococcus,"  which  is  now  usually 
described  as  a  bacillus,  was  very  generally  accepted  as  the  specific  cause  of 
fibrinous  pneumonia,  and  cultures  were  distributed  throughout  the  labora- 
tories of  Europe  bearing  the  label,  *'Pneumococcusof  Friedlander."  For 
some  time  after  the  publication  of  Friedlander's  paper  all  observations  made 
with  reference  to  the  presence  of  oval  cocci  or  oi  encapsulated  cocci  in  the 
fibrinous  exudate  of  pneumonia  were  supposed  to  confirm  his  discovery. 
But  now  we  know  that  there  is  another  oval  coccus  which  is  far  more  fre- 
quently present  in  the  exudate  of  acute  pneumonia,  which  also  presents  the 
appearance  of  being  surrounded  by  a  transparent  capsule — ^less  pronounced, 
however,  than  that  of  Friedlander's  bacillus— but  which  is  entirely  distinct 
from  that  of  Friedlander  and  is  probably  the  true  pneumococcus.  I  shall 
give  the  distinctive  characters  of  this  microorganism  later. 

At  the  same  time  that  Friedlander  was  pursuing  his  researches  in  Berlin, 
Talamon,  a  French  physician,  was  engaged  in  similar  researches  in  the  lab- 
oratory of  the  Hotel-Dieu.  His  results  were  communicated  to  the  Anato- 
mical Society  of  Paris  on  November  30th,  1883,  a  few  days  after  Friedlan- 
ders  communication  to  the  Medical  Society  of  Berlin  (Grermain  S^e). 

*' Talamon  did  not  describe  his  microbe  as  having  a  capsule;  according 
to  him,  the  pneumonia-coccus  is  characterized  by  its  form.  When  seen  in 
the  fibrinous  exudate  the  microbe  has  an  elliptical  form,  like  a  grain  of 
wheat.  Cultivated  in  a  liquid  medium — ^an  alkaline  solution  of  extract  of 
beef — it  is  elongated  and  attenuated,  andpresents  the  appearance  of  a  e;>rain  of 
barley.  On  account  of  this  appearance  Talamon  has  proposed  to  caU  it  the 
lanceolate  coccus.  This  organism  is  encountered  in  tne  pneumonic  exudate 
obtained  after  death,  or  drawn  daring  life  by  means  of  a  Pravaz  syringe 
from  the  hepatized  portions  of  the  lung.  Once  only,  out  of  twenty-five 
cases,  it  was  round  in  the  blood  of  a  patient  at  the  moment  of  death." 

Talamon^s  inoculation  experiments  in  dogs  and  ^uinea-pi^  gave  a  ne^- 
tive  result,  but  out  of  twentv  rabbits  injected  through  the  walls  of  Sie 
thorax  into  the  lungs  eight  showed  the  characteristic  lesions  of  fibrinous 
pneumonia.  Prof.  S6e  says,  with  reference  to  the  evidence  in  the  case  of 
these  rabbits  as  compared  with  that  obtained  by  Fnedlander  in  his  mice: 
*'  The  rather  brief  description  of  the  lesions  obtained  by  Friedlander  in  the 
mice  inoculated  by  him  leaves  some  doubt  in  the  mind;  for  the  presence  of 
foci  (noyaux)  of  induration  in  counted  lungs  is  not  sufScient  to  character- 
ize fibrinous  pneumonia.  But  the  lungs  of  the  rabbits  presented  by  Tala- 
mon to  the  Anatomical  Society  in  support  of  his  communication  leave  no 
room  for  discussion.  As  he  observeuy  it  was  not  at  all  a  question  of  foci  of 
congestion^  or  of  broncho-pneumonia,  such  as  one  observes  habitually  in 
rabbits  which  die  of  septicaemia,  but  a  veritable  lobar  fibrinous  pneumonia 
with  pleurisv  and  pericarditis  of  the  same  nature.  The  naked-eye  examina- 
tion, as  well  as  the  microscope,  showed  no  difference  in  the  lesions  produced 
in  the  rabbit  and  the  pneumonia  of  man." 

On  another  page  Prof.  8^  says  :  **  Afanassiew  repeated  in  the  laboratory 
of  Prof.  Comil  the  experiments  of  Friedlander  and  of  Talamon  ;  by  the  cul- 
ture in  peptonized  gelatin  of  the  pneumonic  exudate  taken  from  the  cadaver 
he  obtamed  two  species  of  organisms,  round  micrococci  of  large  and  small 
dimensions,  and  oval  cocci  which  corresponded  to  the  microbes  described  by 
the  two  authors  "(Friedlander  and  Talamon)  **  whose  researches  we  have 
just  reviewed."    This  quotation  indicates  that  Prof.  S^  did  not  question  the 
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identity  of  the  oval  or  **  lanceolate"  coccus  found  by  Talamon  in  pneum 
exudate,  and  which  in  his  experiments  produced  typical  pneumonia  in 
bits,  and  the  so-called  "pneumococcus  "  of  Priedlander,  which,  accon 
to  his  account,  gave  a  negative  result  when  injected  into  rabbits,  but  ca 
pneumonia  in  mice  when  injected  directly  into  the  lungs.  Pinof.  Q6e 
not  alone  in  making  this  inference,  which  has  turned  out  to  be  a  mistc 
one.  The  identity  of  the  oval  cocci,  which  had  now  been  seen  in  the 
monary  exudate  by  numerous  observers,  with  the  microorganism  w 
Fried  lander  had  isolated  and  cultivated  fi*om  material  obtained  post  moi 
from  hepatized  lungs,  was  generally  admitt^ ;  and  all  of  the  observat 
relating  to  the  presence  of  oval  cocci,  having  a  more  or  less  distinct  caps 
in  the  exudate  of  fibrinous  pneumonia,  were  supposed  to  give  support  tc 
alleged  discovery  of  Friedlander.  Now  we  know  that  the  oval  coccus  i 
frequently  found  in  such  material  is  not  that  of  Friedlander,  but  that 
identical  with  a  coccus  first  observed  by  the  writer  in  September,  188i 
the  blood  of  rabbits  injected  with  his  own  saliva  and  subsequently  (1 
named  by  him  Micrococcus  Pasteuri. 

This  was,  without  doubt,  the  coccus  which  produced  pneumonia  in  1 
mon's  experiments  upon  rabbits ;  and  we  must  give  him  the  credit  of  ha' 
first  experimentally  aemonstrated  the  fact  that  fibrinous  pneumonia  ma; 
induced  by  the  introduction  of  this  microorganism  into  the  parenchym 
the  lun^  in  these  animals. 

Salvioli,  whose  experiments  were  also  made  in  1884,  had  a  unifor 
fatal  result  from  the  injection  of  pneumonic  sputum  into  rabbits  (four), 
also  observed  the  oval  coccus  in  the  material  injected,  and  in  the  bloa 
the  animals  which  succumbed  to  his  injections,  but  did  not  recognize 
identity  of  this  coccus  with  that  which  my  own  experiments  and  thos 
Pasteur,  Vulpian,  and  others  had  shown  to  be  present  in  normal  hui 
saliva  and  to  induce  a  fatal  form  of  septicaemia  in  rabbits.  On  the  o 
hand,  he  also  appears  to  have  taken  it  for  granted  that  the  oval  microoa 
encountered  by  him,  and  which,  under  certain  circumstances,  was 
rounded  by  a  transparent  capsule,  was  the  **  pneumococcus  "  of  Friedlan 
Klein  appears  to  have  made  the  same  mistaken  inference.  This  is  sh^ 
by  the  lollowing  quotation  from  his  paper  published  in  1885 : 

*'  In  seeking  to  ascertain  what  mi^ht  be  the  relation  between  theso-ca 
pneumococci  and  croupous  pneumonia,  I  have  made  extensive  examina 
of  the  lungs  and  blood  of  persons  dead  of  the  disease,  and  also  of  the  spu 
of  living  patients  at  various  stages  of  their  illness.  ...  In  some  of  tne 
vesicles,  tnough  few  and  far  between,  there  were  present  undoubtedly 
capsulated  coed  spoken  of  by  Friedlander  and  others  as  pneumococci.  . 
As  regards  the  living  patients,  if  we  examine  typical  sputum  of  crou^ 
pneumonia  we  find,  besides  numerous  red  blood  discs  and  white  blood 
puscles,  also  a  few  epithelial  cells,  and  in  the  general  gelatinous  ma 
numbers  of  microorganisms,  chiefiy  belonging  to  the  species  micrococci. 

**  These  are,  as  far  as  size  and  arrangement  go,  or  two  princii)al  ty 
(a)  Oval  micrococci  about  0.001  millimetre  in  length,  occurring  isolated, 
more  commonly  as  dumbbells  and  slightly  curved  chains  of  four,  six, 
even  eight  elements.  .  .  .  But  in  all  these  micrococci  the  elements  are 
tinctly  surrounded  by  a  hyaline  zone  which,  in  stained  preparations,  cai 
made  out  as  an  unstained  halo,  though  in  some  stained  specimens  it 
sumes  a  tint  that  is  fainter  than  that  of  the  micrococcus  itself;  this  co 
sponds  to  the  capsule  of  Friedlander,  and  for  this  reason  he  called  tl 
capsule  micrococci." 

In  a  footnote  to  the  paper  from  which  I  have  quoted  Klein  says: 

*'  While  this  paper  is  passing  through  the  press  I  receive  from  Dr.  Si 
berg,  of  Baltimore,  a  paper  in  which  he  conclusively  proves  that  the 
crococci  of  human  saliva,  which  produce  in  some  instances  septicaemia 
inoculation  into  rabbits,  are  identical  with  the  pneumococci  of  Friedlan< 
Salvioli,  and  others." 

My  own  experiments  with  pneumonic  sputum  were  made  in  Janut 
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1885,  and  led  me  to  the  identification  of  the  oval  coccus  found  in  this  ma- 
terial with  the  coccus  found  in  my  own  saliva  (by  inoculations  into  rabbits) 
in  September,  1880,  and  subsequently  studied  by  me  in  an  extended  series 
of  experiments  made  during  the  following  years,  1880-84. 

But,  at  the  same  time,  I  fell  into  the  error  of  inference,  previously  made 
by  Prof.  S6e.  by  Salvioli,  and  others,  and  assumed  that  the  **pneumo- 
coccus'^  whicn  Friedlanderhad  obtained  from  the  same  source  was  the  same, 
althoug'h  I  found  it  difficult  to  reconcile  the  experimental  data,  inasmuch 
as  he  bad  obtained  uniformly  negative  results  in  his  inoculations  into 
rabbits.  To  explain  this  discrepancy  I  suggested  that  Friedlander^s  pueu- 
mococcus  was  probably  a  variety  having  a  different  degree  of  pathogenic 
power. 

This  supposition  seemed  to  find  support  in  the  fact,  which  I  had  previ- 
ously observed,  that  my  Micrococcus  Fasteuri  became  attenuated,  as  to  its 
pathogenic  power,  when  the  cultures  were  kept  for  some  time;  and  that 
there  seemed,  from  the  experimental  evidence  before  me,  to  be  different 
patho^nic  varieties  in  the  buccal  secretions  of  different  individuals.  At 
this  time  I  had  not  seen  a  culture  of  Friedlander^s  bacillus.  Later,  in  the 
autumn  of  1885,  when  I  made  its  acquaintance  in  Dr.  Koch's  laboratory,  I 
recognized  my  mistake  and  hastened  to  correct  the  error.* 

£x>r  a  detailed  account  of  mv  experiments  with  pneumonic  exudate  I 
must  refer  to  my  paper  publishea  in  the  '*'  Transactions  of  the  Patholoflfical 
Society  of  Philadelphia^'  (vol.  xii.)  and  in  the  American  Journal  of  the 
Medical  Sciences  (July,  1885). 

With  reference  to  my  conclusion  that  the  oval  coccus  of  Talamon  and 
of  Salvioli  was  identical  with  my  Micrococcus  Pasteuri,  I  may  say  that 
this  conclusion  has  been  sustained  by  the  subsequent  investigations  of 
Frankel,  Weichselbaum,  Bordoni-Uffreduzzi,  Netter,  (jktmeleia,  and  others. 

FrankeFs  first  paper  relating  to  the  presence  of  this  microorganism  in 
pneumonic  exudate  was  published  in  1885. 

Having  ascertained  tnat  his  own  saliva  contained  this  oval  micrococcus, 
he  was  induced  to  make  an  extended  and  interesting  series  of  experiments 
which  led  him  to  the  conclusion  that  this  microorganism  is  far  more  con- 
stantly present  in  the  exudate  of  fibrinous  pneumonia  than  is  the  so-called 
"  pneumococcus  "  of  Friedlander.    He  says : 

**  Finally],  as  regards  the  relative  frequency  of  the  two  hitherto  in vesti- 

edd  microorganisms  in  cases  of  pneumonia,  no  positive  statement  can  yet 
made.  Nevertheless  I  am  inclined  to  regard  the  lancet-shaped  pneu- 
mococcus, which  is  identical  with  the  microbe  of  sputum  septicaemia,  as  the 
more  ih^quent,  and  the  usual  infectious  agent  of  pueumonia,  on  the  ground 
that  this  ori^anism  is  so  much  more  frequently  found  in  the  sputum  of  pneu- 
monic patients  than  in  that  of  healthy  individuals.  This  conclusion  is 
further  supported  by  the  fact  that  it  has  not  hitherto  been  possible  to  isolate, 
directly  from  the  rusty  sputum,  Friedlander's  bacillus." 

The  extended  researcnesof  Weichselbaum,  published  in  1886,  give  strong 
support  to  the  view  that  this  coccus  is  the  usual  infectious  agent  in  croupous 
pneumonia.  He  examined,  in  all,  the  exudate  in  one  hundred  and  twenty- 
nine  cases  of  pneumonia. 

In  ninety-four  of  these  cases  the  micrococcus  in  question,  called  by 
Weichselbaum  **diplococcus pneumoniae,"  was  obtained  (fifty -four  times  in 
cultures);  in  twenty-one  cases  he  obtained  a  streptococcus,  and  in  nine  only 
was  the  bacillus  of  Friedlander  encountered. 

Wolf,  whose  studies  were  made  in  Weichselbaitm's  laboratory,  reported 
the  result  of  his  researches  in  1887.  He  found  the  ''diplococcus  pneumoniae" 
in  sixty-six  out  of  seventy  cases  of  croupous  pneumonia  examined,  and  the 
*' pneumococcus  of  Friedlander  "  in  three  cases. 

Netter,  whose  paper  was  published  in  November,  1887,  found  Micrococcus 
• 

*  See  my  paper  published  la  the  American  Journal  of  the  Medical  Sciences 
for  July,  1886. 
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Pasteuri  in  seventy-five  i)er  cent  of  his  cases  of  pneumonia,  and  in  the  sputum 
of  convalescents  from  this  disease  its  presence  was  verified  in  sixty  per  cent 
of  the  cases  by  inoculation  experiments  in  rabbits.  He  makes  the  interest- 
ing observation  that  the  sputum  of  recent  convalescents  is  less  virulent  for 
rabbits  than  that  collected  at  a  later  period. 

Gamel^ia,  who  has  recently  published  in  the  AnncUes  of  the  Pasteur 
Institute  an  important  paper  upon  the  etiology  of  fibrinous  pneumonia,  veri- 
fied the  presence  of  Micrococcus  Pasteuri  in  twelve  fatal  cases  in  which  he 
collected  material  post  mortem.  He  states  that  in  a  series  of  forty  con- 
secutive cases  Dr.  Groldenberg,  whose  experiments  were  made  in  his  laboratory, 
found  this  micrococcus  in  every  case  by  inoculation  experiments  in  rabbits  or 
in  mice.  According  to  Gameleia,  inoculations  in  mice  are  more  reliable  than 
those  made  in  rabbits,  as  the  mouse  is  the  more  susceptible  animal.  He  says: 
**The  author,  Weichselbaum,  who  has  made  the  most  extended  research 
upon  the  etiology  of  pneumonia,  used  in  his  researches  the  method  of  culti- 
vation upon  gehitin.  We  must  adopt  the  opinion  of  Baumgarten,  who  does 
not  accord  any  decided  value  to  the  negative  results  of  Weichselbaum  with 
reference  to  the  constant  presence  of  Streptococcus  Pasteuri.  Netter,  who 
adopted  the  method  of  inoculating  the  pneumonic  sputum  into  rabbits,  and 
who  only  found  the  microbe  of  Pasteur,  m  seventy-five  per  cent  of  his  cases, 
was  wrong,  in  our  opinion,  in  making  use  of  an  animal  which  is  too  resist- 
ant to  determine  the  presence  of  smcQl  quantities  of  virus.  This  opinion  is 
confirmed  by  the  fact  that  Netter  rendered  some  rabbits  refractory  by  his 
inoculations  with  material  in  which  he  had  not  found  the  specific 
microbe. 

**  En  r4sum4^  taking  our  stand  upon  the  positive  results  which  we  have 
always  obtained,  as  well  as  upon  the  superiority  of  the  method  of  research 
(inoculations  in  mice)  which  we  have  adopted,  w^e  believe  ourselves  au- 
thorized to  conclude  that  fibrinous  pneumonia  is  always  dependent  upon 
the  microbe  of  Pasteur." 

Frankel,  Weichselbaum,  and  other  recent  authors,  while  maintaining 
that  Micrococcus  Pasteuri  is  the  most  frequent  etiological  agent  in  the  pro- 
duction of  pneumonia,  have  been  disposed  to  admit  that  in  a  certain  propor- 
tion of  the  cases  the  bacillus  of  Friedlander,  and  possibly  other  microorgan- 
isms, may  bear  the  same  relation  to  the  pneumonic  process.  Qameleia,  on 
the  other  hand,  believes  that  the  bacillus  of  Friedlander  is  a  simple  sapro- 
phyte, the  occasional  presence  of  which  in  pneumonic  exudate  is  without 
etiological  import.     He  remarks  as  follows : 

**  We  may  be  brief  as  regards  the  second  objection  made  against  the  etio- 
logical unity  of  fibrinous  pneumonia,  viz.,  with  reference  to  the  etiological 
rights  of  the  microbe  of  Friedlander.  This  microbe  is  found  in  normal  sali- 
va, it  is  a  true  saprophyte,  and  may  at  times  invade  the  diseased  or  dead 
lung.  Weichselbaum  only  found  it  in  seven  per  cent  of  his  cases,  and  al- 
most always  associated  with  other  microbes,  for  he  only  encountered  it  pure 
in  three  cases.  As  to  the  researches  of  the  authors  who  preceded  Frankel, 
it  is  sure  that  the  microbe  which  they  often  found  in  sections  of  diseased 
lungs,  and  which  they  called  the  microbe  of  Friedlander,  was  in  fact  the  mi- 
crobe  of  Pasteur,  since  it  was  colored  bv"  the  method  of  Gram,  which  decol- 
orizes the  bacillus  of  Friedlander.  Many  of  the  positive  results,  then, 
which  have  been  reported  relative  to  the  last- mentioned  microorganism, 
ought  to  be  put  to  the  account  of  the  other." 

This  opinion  the  present  writer  has  entertained  since  his  researches  made 
in  1885. 

The  experimental  evidence  ofl*ered  by  Gameleia  in  favor  of  the  etiologi- 
cal role  of  this  micrococcus  is  most  important. 

It  will  be  remembered  that  Talamon  produced  typical  pneumonia  in 
eight  rabbits,  in  1883,  by  inoculating  them  through  the  thoracic  walls  with 
pneumonic  exudate.     Gamel^ia  says: 

*'  The  number  of  my  rabbits  iu  which  pneumonia  was  induced  is  about 
two  hundred." 
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The  writer  found  in  his  experiments,  made  in  1881,  that  in  making  a 
series  of  inoculations  in  rabbits  the  virus  increased  in  virulence,  and  that, 
on  the  other  hand,  the  micrococcus  lost  its  virulence  when  the  cultures 
were  kept  for  some  time.  Tbis  fact  has  been  verified  by  the  subsequent  re- 
searches of  Fraukel  and  of  Gamel^ia.  The  last-named  author  has  shown  thftt 
to  induce  pneumonia  in  very  susceptible  animals,  like  the  rabbit,  an  attenu- 
ated variety  of  the  microbe  should  be  injected,  for  the  most  virulent  cul- 
tures quickly  cause  death  hy  septicaemia.  As  he  expresses  it:  ^*  Animals 
which  are  too  susceptible,  like  the  rabbit  and  the  mouse,  do  not  have  pneu- 
monia, because  they  do  not  offer  a  local  reaction ;  the  virus  is  generalized  in 
their  bodies  and  they  die  of  an  acute  septicaemia  " 

On  the  other  hand,  Gameleia  has  shown  that  '^animals  which  are  but 
little  susceptible  to  the  jpneumonic  virus  offer  a  local  resistance  which  gives 
rise  to  very  pronounced  reactionary  phenomena  (extended  fibrino-granular 
oedema),  anaconseq[uently  they  present,  as  a  result  of  intrapulmonary  infec- 
tion, a  typical  fibrinous  pneumonia.  Such  animals  are  the  dog  and  the 
sheep." 

In  his  experiments  upon  these  animals  Gameleia  obtained  the  following 
results: 

The  sheep  was  found  to  survive  subcutaneous  inoculations,  unless  very 
large  doses  (five  cubic  centimetres)  of  the  most  potent  virus  were  ad- 
ministered. But  intrapulmonary  inoculation  was  always  followed  by  typi- 
cal fibrinous  pneumonia,  which  in  the  majority  of  cases  proved  fatal. 

The  microbe  was  rarely  found  in  the  blood,  and  successive  inoculations 
from  one  sheep  to  another  were  not  successful.  Death  occurred,  after  an 
intrapulmonary  inoculation,  on  the  third,  fourth,  or  fifth  day.  The  pneu- 
monia produced  was  lobar,  and  was  attended  with  an  extensive  fibrinous 
exudation  in  which  the  coccus  was  found  in  great  abundance.  In  all,  fifty 
sheep  were  experimented  upon. 

The  writer  found  in  his  experiments,  made  in  1881,  that  the  do^  resists 
inoculations  with  this  coccus.  Gameleia  also  obtained  negative  results  when 
moderate  doses  were  injected  beneath  the  skin,  but  states  that  **  intrathoracic 
infection  alwavs  causes  a  frank,  fibrinous  pneumonia  which  is  rarely  fatal ; 
recovery  usually  occurs  in  from  ten  to  fifteen  days,  after  the  animal  has 
{Missed  through  all  the  stages  of  red  and  gray  hepatization  which  character- 
izes this  affection  in  man."    Twelve  dogs  were  experimented  upon. 

This  micrococcus,  then,  which  in  very  susceptible  animals  (mouse^  rabbit) 
invades  the  blood  and  quickly  causes  death  by  septicaemia,  when  injected 
through  the  thoracic  walls  in  less  susceptible  animals  (dog,  sheep),  or  in  an 
attenuated  form  in  the  rabbit,  gives  rise  to  the  local  lesions  which  character- 
ize fibrinous  pneumonia. 

Man  comes  in  the  catefi:ory  of  slightly  susceptible  animals,  as  is  shown 
by  the  comparatively  small  mortality  from  pneumonia,  and  the  fact  that  the 
micrococcus  found  in  the  exudate  into  the  pulmonarv  alveoli  does  not  invade 
the  blood,  unless  in  rare  instances.  We  may  therefore  agree  with  Gameleia 
in  the  following  statement: 

''It  is  clear  that  the  results  obtained  in  the  dog  and  the  sheep,  animals 
which  have  but  a  slight  susceptibility,  are  most  applicable  to  human  patho- 
logy." 

In  my  paper  read  before  the  Pathological  Society  of  Philadelphia  in 
April,  1885,  from  which  I  have  already  quoted,  I  say:  **  It  seems  extremely 
probable  that  this  micrococcus  is  concerned  in  the  etiology  of  croupous  pneu- 
monia. .  .  .  But  this  cannot  be  considered  as  definitely  established  by  the 
experiments  which  have  thus  far  been  made  upon  the  lower  animals.'^ 

The  experiments  of  Gameleia  go  far  toward  settling  this  question  in  a 
definite  manner,  and,  considered  in  connection  with  those  of  Talamon  and 
SaIvioli,and  the  extended  researches  of  Frankel,  Weichselbaum,  and  Netter, 
leave  but  little  doubt  that  this  is  the  true  infectious  agent  in  acute  lobar 
pneumonia. 
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7.       BACILLUS  OF  PRIEDLANDER. 

Synonyms, — Pneuinococcus  (Friedlander);  Bacillus  pneumo] 
(Flugge). 

Obtained  by  Friedlander  and  Frobenius  in  pure  cultures  (16 
from  the  exudate  into  the  pulmonary  alveoli  in  cases  of  cro 
ous  pneumonia.  Subsequent  researches  show  that  it  is  only  pres 
in  a  small  proportion  of  the  cases — nine  times  in  one  hundred  \ 
twenty-nine  cases  examined  by  Weichselbaum,  three  times  in  seve 
cases  examined  by  Wolf. 

Morphology, — Short  rods  with  rounded  ends,  often  so  shorl 

to  resemble  micrococci,  especially  in  \ 

(^m         recent  cultures  ;  commonly  united  in  p 

0^  8  ^0ffi\  x^     or  chains  of  four,  and  under  certain 

^Vo  0^  ^(o)}(^     cumstances  surrounded  by  a  transpai 

J  ^  capsule.      The   gelatinous  envelope  — 

Fio.88.->B«cUiuBof  Friedisnder;    Called  capsule — is  not  Seen  in  preparati 

a,  from  a  culture;  6.  from  blood  of    made  f  romi  cultures  in  artificial  media, 

mouse,  Bhowiogcapeule.  CFlGgge.)  •  .  •  i       ^    •       j 

IS  very  prominent  in  properly  stained  pn 
rations  from  the  blood  of  an  inoculated  animal.  It  often  has  a  dia 
ter  equal  to  or  greater  than  that  of  the  enclosed  cell,  and  appear 
consist  of  a  substance  resembUng  mucin,  which  is  soluble  in  wate 
dilute  alcohol.  Where  several  cells  are  united  in  a  chain  they  r 
all  be  enclosed  in  a  common  envelope,  or  each  may  have  its  own  c 
sule.  This  capsule  is  not  pecuUar  to  Friedlander's  bacillus,  as 
at  first  supposed,  but  is  found  in  other  bacilU  and  also  in  the  writ 
Micrococcus  Pasteuri. 

Friedlander's  bacillus  stains  readily  with  the  aniline  colors, 
is  decolorized  by  the  iodine  solution  used  in  Gram's  method, 
preparations  from  the  blood  of  an  inoculated  animal,  stained  bj 
aniline  color,  the  capsule  appears  as  an  unstained  envelope  surrou 
ing  the  stained  cell,  but  by  special  treatment  the  capsule  may  als< 
stained.  Friedlander's  method  is  as  follows  :  The  section  or  co^ 
glass  preparation  is  placed  for  twenty-four  hours  in  a  solutioi 
gentian  violet  and  acetic  acid,  containing  fifty  parts  of  a  concentre 
alcoholic  solution  of  gentian  violet,  one  hundred  parts  of  disti 
water,  and  ten  parts  of  acetic  acid.  The  stained  preparatioi 
washed  for  a  minute  or  two  in  a  one-per-cent  solution  of  acetic  a 
dehydrated  with  alcohol,  cleared  up  with  oil  of  cloves  or  cedar,  i 
mounted  in  balsam.  The  bacillus  is  quickly  stained  in  dried  co^ 
glass  preparations  by  immersion  in  anihne- water-gentian-violet  s< 
tion  (two  or  three  minutes).  The  stained  preparation  should  be 
colorized  by  placing  it  in  absolute  alcohol  for  half  a  minute,  and  t 
washed  in  distilled  water. 
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Biological  Characters. — This  baxjillus  does  not,  so  far  as  is 
known,  form  reproductive  spores;  it  is  non-motile  and  does  not 
liquefy  gelatin.  It  is  aerobic  and  a  facultative  anaerobic.  In 
gelatin  stick  cultures  it  presents  the  "nail-shaped'^  growth  first 
described  by  Friedlander,  which  is  not,  however,  peculiar  to  this 
bacillus.  The  head  of  the  nail  is  formed  by  the 
development  around  the  point  of  entrance  of  the 
inoculating  needle  of  a  rounded,  white  mass  hav- 
ing a  smooth,  shining  surface,  and  its  stem  by  the 
growth  along  the  line  of  puncture.  This  consists 
of  closely  crowded,  opaque,  white,  spherical  colo- 
nies. Gas  bubbles  sometimes  develop  in  gelatin 
cultures,  and  in  old  cultures  the  gelatin  about  the 
Ime  of  growth  acquires  a  yellowish-brown  color. 
The  growth  in  nutrient  agar  resembles  that  in 
gelatin.  Upon  the  surface  of  blood  serum  abun- 
dant grayish-white,  viscid  masses  are  developed. 
Upon  potato  the  growth  is  abundant,  quickly  cov- 
ering the  entire  siirf ace  with  a  thick,  yellowish- 
white,  glistening  layer  which  often  contains  gas 
bubbles  when  the  temperature  is  favorable.  Col- 
onies in  gelatin  plates  appear  at  the  end  of  twenty- 
four  hours  as  small,  white  spheres,  which  increase 
rapidly  in  size,  and  upon  the  surface  form  round- 
ed, smooth,  glistening,  white  masses  of  consider- 
able siase.  Under  the  microscope  the  colonies  pre- 
sent a  somewhat  irregular  outUne  and  a  slightly 
granular  appearance.  Growth  occurs  at compara-  geiatin^enToffomMiyB 
lively  low  temperatures— 16°  to  20°  C— but  is  more  J^^.®"'^®"  ^'  ^B«um«ar. 
rapid  in  the  incubating  oven.  The  thermal  death- 
point,  as  determined  by  the  writer,  is  about  56®  C.  In  the  ordinary 
culture  media  it  retains  its  vitality  for  a  long  time,  and  may  grow 
when  transplanted  to  fresh  culture  material  after  having  been  pre- 
served for  a  year  or  more.  At  a  temperature  of  40°  C.  development 
ceases. 

Pathogenesis, — In  Friedlander  s  experiments  the  bacillus  from 
pure  cultures,  suspended  in  water,  was  injected  through  the  thoracic 
wall 'into  the  right  lung  of  dogs,  rabbits,  guinea-pigs,  and  mice. 
Rabbits  proved  to  be  immime ;  one  dog  out  of  five,  six  guinea-pigs 
out  of  eleven,  and  all  of  the  mice  (thirty-two)  succumbed  to  the 
inoculation*  At  the  autopsy  the  pleural  cavities  were  found  to  con- 
tarn  a  sero-purulent  fluid  ;  the  lungs  were  intensely  congested,  con- 
tained but  little  air,  and  in  places  showed  limited  areas  of  red  infil- 
tration ;   the   spleen  was  considerably  enlarged ;   the  bacillus  was 


Fio.  89  — Friedlunder'a 
bacillus;  stick  culture  in 
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found  in  great  numbers  in  the  lungs^  the  fluid  in  the  pleural  cavi- 
ties, and  in  the  blood  obtained  from  the  general  circulation  or  from 
the  various  organs  of  the  body.  Similar  appearances  presented  them- 
selves in  the  case  of  the  guinea-pigs  which  succumbed  to  the  inocu- 
lation. 

These  results  show  that  the  bacillus  under  consideration  is  path- 
ogenic for  mice  and  for  guinea-pigs,  but  they  are  by  no  means 
sufficient  to  prove  that  it  is  capable  of  producing  a  genuine  croupous 
pneumonia  ill  man,  and  it  is  stQl  uncertain  whether  its  occasional 
presence  in  the  exudate  into  the  pulmonary  alveoli  in  cases  of  this 
disease  has  any  etiological  importance. 

8.    MICROCOCCUS  PNEUMONIA  CROUPOSjE. 

Synonyms, — Micrococcus  Pasteuri  (Sternbei^) ;  Micrococcus  of 
sputum  septicaBmia  (Frankel) ;  Diplococcus  pneumoniaB  (Weichsel- 
baum) ;  Bacillus  septicus  sputigenus  (Fliigge) ;  Bacillus  salivarius 
septicus  (Biondi)  ;  Lancet-shaped  micrococcus  (Talamon) ;  Strepto- 
coccus lanceolatus  Pasteuri  (Gameleia). 

Discovered  by  the  present  writer  in  the  blood  of  rabbits  inocu- 
lated subcutaneously  with  his  own  saliva  in  September,  1880  ;  by 
Pasteur  in  the  blood  of  rabbits  inoculated  with  the  saliva  of  a  child 
which  died  of  hydrophobia  in  one  of  the  hospitals  of  Paris  in  De- 
cember, 1880  ;  identified  with  the  micrococcus  in  the  rusty  sputum  of 
pneumonia,  by  comparative  inoculation  and  culture  experiments,  by 
the  writer  in  1885  (paper  published  in  the  American  Journal  of  the 
Medical  Sciences,  July  1st,  1885).  Proved  to  be  the  cause  of  croup- 
ous pneumonia  in  man  by  the  researches  of  Talamon,  Salvioli,  Stem- 
berg,  Frankel,  Weichselbaum,  Netter,  Gameleia,  and  others. 

The  Presence  of  Micrococcus  Pasteuri  in  the  Salivary  Secre- 
tions of  Healthy  Individuals, — In  September,  1880,  while  engaged 
in  investigations  relating  to  the  etiology  of  the  malarial  fevers,  I  in- 
jected a  little  of  my  own  saliva  beneath  the  skin  of  two  rabbits  as  a 
control  experiment.  To  my  surprise  the  animals  died,  and  I  found 
in  their  blood  a  multitude  of  oval  microorganisms,  united  for  the 
most  part  in  pairs,  or  in  chains  of  three  or  four  elements.  These 
experiments  are  recorded  in  my  paper  entitled  **  Experimental  Inves- 
tigations Relating  to  the  Etiology  of  the  Malarial  Fevers,"'  published 
in  the  Report  of  the  National  Board  of  Health  for  1881,  pp.  74,  75. 

Following  up  my  experiments  made  in  New  Orleans  (in  Septem- 
ber, 1880),  in  Philadelphia  (January,  1881),  and  in  Baltimore  (March, 
1881),  I  obtained  the  following  results  : 

"  The  saliva  of  four  students,  residents  of  Baltimore  (in  March), 
gave  negative  results ;  eleven  rabbits  injected  with  the  saliva  of  six 
individuals  in  Philadelphia  (in  January)  gave  eight  deaths  and  three 
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negative  results;  but  in  the  fatal  cases  a  less  degree  of  virulence  was 
shown  in  six  by  a  more  prolonged  period  between  the  date  of  injec- 
tion and  the  date  of  death.  This  was  three  days  in  one,  four  days 
in  four,  and  seven  days  in  one." 

In  a  paper  published  in  the  Journal  of  the  Royal  Microscopical 
Society  (June,  1886)  I  say  : 

"  My  own  earlier  experiments  showed  that  there  is  a  difference  in 
the  pathogenic  potency  of  the  saliva  of  different  individuals,  and  I 
have  since  learned  that  the  saliva  of  the  same  individual  may  differ 
in  this  respect  at  different  times.  Thiis  during  the  past  three  years 
injections  of  my  own  saliva  have  not  infrequently  failed  to  cause  a 
fatal  result,  and  in  fatal  cases  death  is  apt  to  occur  after  a  some- 
what longer  interval,  seventy-two  hours  or  more ;  whereas  in  my 
earlier  experiments  the  animals  infaUibly  died  within  forty-eight 
hours.'* 

The  presence  of  my  Micrococcus  Pasteuri  was  demonstrated  in 
the  blood  of  the  rabbits  which  succumbed  to  the  inoculations. 

Claxton,  in  a  series  of  experiments  made  in  Philadelphia  in  1882, 
injected  the  saliva  of  seven  individuals  into  eighteen  rabbits.  Five 
of  these  died  within  five  days,  and  nine  at  a  later  period. 

Frankel,  whose  first  publication  was  made  in  1885,  discovered 
the  presence  of  this  micrococcus  in  his  own  salivary  secretions  in  1883, 
and  has  since  made  extended  and  important  researches  with  refe- 
rence to  it.  The  saUva  of  five  healthy  individuals  and  the  sputa 
of  patients  suffering  from  other  diseases  than  pneumonia,  injected 
into  eighteen  rabbits,  induced  fatal  "  sputum  septicemia  "  in  three 
only.  When  he  commenced  his  experiments  his  saliva  was  uni- 
formly fatal  to  rabbits,  but  a  year  later  it  was  without  effect. 

Wolf  injected  the  saliva  of  twelve  healthy  individuals,  and  of 
three  patients  vnth  catarrhal  bronchitis,  into  rabbits,  and  induced 
"  sputum  septicaemia  "  in  three. 

Netter  examined  the  saliva  of  one  hundred  and  sixty-five  healthy 
persons,  by  inoculation  experiments  in  rabbits,  and  demonstrated 
the  presence  of  this  micrococcus  iq  fifteen  per  cent  of  the  number. 

Vignal,  in  his  recent  elaborate  paper  upon  the  microorganisms 
of  the  mouth,  says  : 

"  Last  year  I  encountered  this  microbe  continually  in  my  mouth 
daring  a  period  of  two  months,  then  it  disappeared,  and  I  did  not 
find  it  again  until  April  of  this  year,  and  then  only  for  fifteen  days, 
when  it  again  disappeared  without  appreciable  cause. '* 

The  Presence  of  Micrococcus  Pneumonice  Crouposce  in  Pneu- 
monic Sputum. — ^Talamon,  in  1883,  demonstrated  the  presence  of  this 
micrococcus  in  pneumonic  sputum,  described  its  morphological  char- 
acters, and  produced  typical  croupous  pneumonia  in  rabbits  by  in- 
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jecting  material  containing  it  into  the  lungs  through  the  thoracic 
walls. 

Salvioli,  in  1884,  demonstrated  its  presence  in  pneumonic  sputum 
by  injections  into  rabbits. 

In  1885  the  writer  made  a  similar  demonstration,  and  by  compara- 
tive experiments  showed  that  the  micrococcus  present  in  the  blood 
of  rabbits  inoculated  with  the  rusty  sputum  of  pneumonia  was  iden- 
tical with  that  which  he  had  discovered  in  1880  in  rabbits  inoculated 
with  his  own  saliva. 

The  same  year  (1885)  A.  Frankel  made  a  similar  demonstration, 
and  published  a  paper  containing  valuable  additions  to  our  knowl- 
edge relating  to  the  biological  characters  of  this  microorganism  (first 
publication  appeared  July  13th,  1885). 

In  1886  Weichselbaum  published  the  results  of  his  extended  re- 
searches relating  to  the  presence  of  this  micrococcus  in  the  fibrinous 
exudate  of  croupous  pneumonia.  He  obtained  it  in  ninety-four  cases 
(fifty-four  times  in  cultures)  out  of  one  hundred  and  twen^-nine  cases 
examined. 

Wolf  (1887)  found  it  in  sixty-six  cases  out  of  seventy  examined. 

Netter  (1887)  in  seventy-five  per  cent  of  his  cases,  and  in  the  sputum 
of  convalescents  from  pneumonia  in  sixty  per  cent  of  the  cases  ex- 
amined, by  inoculations  into  rabbits. 

Gameleia  (1887)  in  twelve  fatal  cases  of  pneumonia  in  which  he 
collected  material  from  the  lungs  at  the  post-mortem  examination. 

Goldenberg,  whose  researches  were  made  in  Gameleia's  labora- 
tory, found  it  in  pneumonic  sputxun  in  forty  consecutive  cases,  by 
inoculations  into  rabbits  and  mice. 

The  Presence  of  Micrococcus  Pneumonice  Crouposce  in  Menin- 
gitis.— Numerous  bacteriologists  have  reported  finding  diplococci  in 
the  pus  of  meningitis,  and  frequently  the  microoi^anisms  have  been 
fully  identified  as  *'  diplococcus  pneumonise/'  Thus  Netter  (1889),  in 
a  resume  of  the  results  of  researches  made  by  him  in  twenty-five 
cases  of  purulent  meningitis,  reports  as  follows : 

Thirteen  cases  were  examined  microscopically,  by  cultures,  and 
by  inoculations  into  susceptible  animals ;  six  cases  by  microscopical 
examination  and  experiments  on  animals;  and  the  remainder  only  by 
microscopical  examination.  Four  of  the  cases  were  comphcated 
with  purulent  otitis,  six  with  pneumonia,  three  with  ulcerative  endo- 
carditis. The  "  pneumococcus ''  was  found  in  sixteen  of  the  twenty- 
five  cases;  in  four  Streptococcus  pyogenes  was  present;  in  two 
Diplococcus  intracellularis  meningitidis  of  Weichselbaum ;  in  one 
Friedlander's  bacillus ;  in  one  Newmann  and  Schaflfer's  motile  ba- 
cillus ;  in  one  a  small  curved  bacillus. 

In  forty-five  cases  collected  from  the  literature  of  the  subject  by 
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Xetter  this  micrococcus  was  present  in  twenty-seven,  Streptococcus 
pyogenes  in  six,  and  the  Diplococcus  intracellularis  meningitidis  of 
Weichselbaum  in  ten. 

Monti  (1889),  in  four  cases  of  cerebro-spinal  meningitis,  demon- 
strated the  presence  of  the  same  micrococcus.  In  three  of  his  cases 
pneumonia  was  also  present.  In  two  Staphylococcus  pyogenes  aureus 
was  associated  with  the  "  diplococcus  pneumoniae/' 

Micrococcus  PneumonicB  Crouposcs  in  Ulcerative  Endocar- 
ditis.— Weichselbaum,  in  a  series  of  twenty-nine  cases  examined 
(1888),  found  "  diplococcus  pneumoniae  "  in  seven. 

Micrococcus  Pneumonice  Crouposce  in  Acute  Abscesses. — In  a 
case  of  parotitis  occurring  as  a  complication  of  croupous  pneumonia 
this  micrococcus  was  obtained  from  the  pus  in  pure  cultures  by  Testi 
(1889);  and  in  another  casein  which,  as  a  complication  of  pneumonia, 
there  developed  a  purulent  pleuritis,  abscess  of  the  parotid  on  both 
sides,  and  multiple  subcutaneous  abscesses,  the  pus  from  all  of  the 
source  named  contained  the  "diplococcus*'  in  great  numbers,  as 


Fxo.fiO.  Fro.  91.  Fio.OSl 

Fio.  90.— Micrococcus  pneamonisB  croiipofl»  from  blood  of  rabbit  Inoculated  with  normal  human 

saUiraCDr.S.).    X  1,000. 

Fio.  91.— Micrococcus  pneumonisB  crouposee  from  blood  of  rabbit  Inoculated  subcutaneously 

with  fresh  pneumonic  sputu^i  from  a  patient  in  the  seventh  day  of  the  disease,    x  1 .000. 
Fio.  92.— Surface  culture  of  Micrococcus  pneumonisd  crouposce,  on  nutrient  a^ar,  showing  the 

de?eIopment  of  long  cha'ns.    x  1,000.  ^ 

shown  not  only  by  microscopical  examination  but  by  inoculation  into 
rabbits. 

In  a  case  of  tonsillitis  resulting  in  the  formation  of  an  abscess 
Gabbi  (1889)  obtained  the  same  coccus  in  pure  cultures. 

In  otitis  media  this  micrococcus  has  been  found  in  a  consider- 
able number  of  cases  in  the  pus  obtained  by  paracentesis  of  the 
tympanic  membrane,  and  quite  frequently  in  pure  cultures — by  Zau- 
fal  (1889)  in  six  cases;  Levy  and  Schrader  (1889)  in  three  out  of  ten 
cases  in  which  paracentesis  was  performed;  by  Netter  (1889)  in  five 
out  of  eighteen  cases  occurring  in  children. 

Monti  (1889)  and  Belfanti  (1889)  report  cases  of  arthritis  of  the 
wrist  joint,  occurring  as  a  complication  of  pneumonia,  in  which  this 
micrococcus  was  obtained  in  pure  cultures.     Ortmann  and  Samter 

*  The  above  figures  are  from  Dr.  Sternberg's  paper  published  in  the  American 
Journal  of  the  Medical  Sciences  for  July  and  October.  1885. 
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(1889),  in  a  case  of  purulent  inflammation  of  the  shoulder  joint  fol 
ing  pneumonia  and  pleurisy,  obtained  the  "  diplococcus  pneumoi 
in  pure  cultures. 

Morphology. — Spherical  or  oval  cocci,  usually  united  in  pair 
in  chains  consisting  of  three  or  four  elements.  Longer  chains, 
taining  ten  or  more  elements,  are  sometimes  formed,  especial] 
cultures  upon  the  surface  of  nutrient  agar,  and  it  may  therefoi 
regarded  as  a  streptococcus.  As  observed  in  the  blood  of  inocul 
animals  it  is  usually  in  pairs  consisting  of  oval  or  lance-oval  elem 
which  are  surrounded  by  a  transparent  capsule.  Owing  to  the  < 
gated  form  of  the  cocci  when  in  active  growth,  it  has  been  rega 
by  some  authors  as  a  bacillus  ;  but  in  cultures  in  liquid  media,  ^ 
development  by  binary  division  has  ceased,  the  cells  are  spherica 
nearly  so,  and  in  cultures  on  the  surface  of  nutrient  agar  the  in 
dual  cells  more  nearly  approach  a  spherical  form  than  in  the  1: 
of  an  inoculated  animal.  The  "  lanceolate  "  form  was  first  referm 
by  Talamon,  who  described  it  as  having  the  form  of  a  grain  of  wl 
or  even  still  more  elongated  hke  a  grain  of  barley,  as  seen  in 
fibrinous  exudate  of  croupous  pneumonia.  The  transparent  mat 
surrounding  the  cells — so-called  capsule — ^is  best  seen  in  stained 
parations  from  the  fibrinous  exudate  of  croupous  pneumonia  or  i 
the  blood  of  an  inoculated  animal.  It  appears  as  an  unstained  i 
ginal  band  surrounding  the  elliptical  cells,  and  varies  greatly  a 
its  extent  in  different  preparations.  This  capsule  probably  con 
of  a  substance  resembhng  mucin,  and,  being  soluble  in  water,  its 
tent  depends  partly  upon  the  methods  employed  in  preparing  s] 
mens  for  microscopical  examination.     It  is  occasionally    seer 

stained  preparations  from  the  surface  of 
tures  on  blood  serum ;  and  in  drop  cult 
examined  under  the  microscope,  by  usi 
small  diaphragm,  it  may  be  seen  to  surrc 
the  cocci  as  a  scarcely  visible  halo. 

This  micrococcus  stains  readily*  wit! 
anihne  colors  ;  and  also  by  Gram's  met 
which  constitutes  an  important  character 
JZTr^^°:^::.!Z-  distinguishing  it  from  Friedlander'8  baci 
Buie,  attached  to  pus  cells  from  with  which  it  has  of  ten  been  conf  ounde 
To^rte^rbr  (sr.'^uo'     ^^^^^^t  of  the  morphological  resemblan< 

the  two  microorganisms. 
Biological  Characters. — Grows  in  the  presence  of  oxyg< 
aerobic — but  is  also  a  facultative  anaerobic.  Like  other  mi 
cocci,  it  has  no  spontaneous  movements.  It  grows  in  a  variet; 
cultiu'e  media  when  they  have  a  slightly  alkaline  reaction,  but 
not  develop  in  a  medium  which  contains  the  slightest  trace  of 
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acid.  Nor  will  it  grow  at  the  ordinary  room  temperature.  Scanty 
development  may  occur  at  a  temperature  of  22°  to  24°  C,  but  a 
temperature  of  35°  to  37°  C.  is  most  favorable  for  its  growth,  which 
is  very  rapid  in  a  suitable  liquid  medium.  In  an  infusion  made  from 
the  flesh  of  a  chicken  or  a  rabbit  it  multiplies,  in  the  incubating 
oven,  with  remarkable  rapidity  ;  at  the  end  of  six  to  twelve  hours 
after  inoculation  the  previously  transparent  fluid  will  be  found  to 
present  a  slight  cloudiness  and  to  be  filled  throughout  with  the  cocci 
in  pairs  and  short  chains.  It  does  not  produce  a  milky  opacity  in 
liquid  media,  like  the  pus  cocci,  for  example,  but  the  fluid  becomes 
slightly  clouded ;  multiplication  ceases  at  the  end  of  about  forty- 
eight  hours  or  less,  and  the  liquid  medium  again  becomes  transpa- 
rent as  a  result  of  the  subsidence  of  the  cocci  to  the  bottom  of  the 
receptacle. 

It  may  be  cultivated  in  flesh-peptone-gelatin,  containing  fifteen 
per  cent  of  gelatin,  at  a  temperature  of  24°  C,  or  in  Uquefied  gela- 
tin (ten  per  cent)  in  the  incubating  oven. 
In  gelatin  (fifteen  per  cent)  stick  cultures 
small  white  colonies  develop  all  along  the 
line  of  puncture,  and  in  gelatin  plates 
small,  spherical,  slightly  granular,  whitish 
colonies  are  formed :  the  gelatin  is  not 
liquefied.  In  agar  plates  extremely  mi- 
nute colonies  are  developed  in  the  course 
of  forty-eight  hours,  which  resemble  httle, 
transparent  drops  of  fluid,  and  under  the 
microscope  some  of  these  are  observed  to  pia.  94-810^1^^07  of  Micro- 
have  a  compact,  finely  granular  central  coccus  pneumoni®  croupoeae  upon 
portionsurroTindedby  apaler,  transparent,  r!S(.!"'(?rtSnd Kef^) ""• 
finely  granular  marginal  zone.     Upon  the 

surface  of  nutrient  agar  or  coagulated  blood  serum  development 
occurs  in  the  form  of  minute,  transparent,  jelly-Uke  drops,  which 
form  a  thin  layer  along  the  line  of  inoculation  in  "  streak  cultures  "  ; 
and  in  agar  stick  cultures  the  growth  along  the  line  of  puncture  is 
rather  scanty,  almost  homogeneous,  and  semi-transparent.  Upon 
potato  no  development  occurs,  even  in  the  incubating  oven.  Milk  is 
a  favorable  culture  medium,  and  the  casein  is  coagulated  as  a  result 
of  its  presence. 

It  ceases  to  grow  on  solid  media  at  about  40°  C,  and  in  favorable 
liquid  media  at  42°  C.  Its  thermal  death-point,  as  determined  by 
the  writer,  is  52°  C,  the  time  of  exposure  being  ten  minutes.  It 
loses  its  vitality  in  cultures  in  a  comparatively  short  time — four  or 
five  days  on  agar — ^and  is  very  sensitive  to  the  action  of  germicidal 
i^^ents.      Its  pathogenic    power  also    undergoes    attenuation  very 


Digitized  by  CjOOQIC 


304  BACTERIA  IN  CROUPOUS   PNEUMONIA. 

quickly  when  it  is  cultivated  in  artificial  media,  but  may  be  i 
by  passing  it  through  the  bodies  of  susceptible  animals.  A 
tion  of  virulence  may  also  be  effected  by  exposing  bouillon  ( 
to  a  temperature  of  42""  C.  for  twenty-four  hours,  or  by  At 
exposure  to  a  temperature  of  41''  C. 

Emmerich  has  recently  (1891)  reported  to  the  Congress  of  1 
and  Demography  in  London  the  results  of  experiments  n 
him  relating  to  immunity  in  rabbits  and  mice.  Rabbits  w 
dered  immune  by  the  intravenous  injection  of  a  very  much 
but  virulent  culture  of  the  micrococcus.  The  flesh  of  these  i 
rabbits  was  rubbed  up  into  a  fine  paste,  and  the  juices  obts 
compressing  it  in  a  clean,  sterilized  cloth.  This  bloody  juice  ^ 
for  twelve  hours  at  a  temperature  of  10°  C,  and  then  steri 
passing  it  through  a  Pasteur  filter.  Some  of  this  juice  was 
into  a  rabbit,  which  with  twenty-five  others  was  then  mad 
spire  an  atmosphere  charged  with  a  spray  of  a  bouillon  cu 
the  micrococcus.  As  a  result  of  this  all  of  the  rabbits  died  ex 
one  which  had  previously  been  injected  with  the  immunizin 
In  a  similar  experiment  upon  mice  six  of  these  animals,  wh 
previously  been  injected  with  the  immunizing  juice,  survives 
jection  of  a  full  dose  of  a  virulent  culture,  while  a  control 
not  previously  injected  with  the  juice,  promptly  died  after  r 
the  same  quantity  of  the  virulent  culture. 

The  writer  in  1881,  in  experiments  made  to  determine  ti 
of  various  disinfectants,  as  tested  upon  this  micrococcus,  i 
experimental  evidence  that  its  virulence  is  attenuated  by  th 
of  certain  antiseptic  agents.     Commenting  upon  the  results 
experiments  in  my  chapter  on  *' Attenuation  of  Virus/Mn 
ria"(1884),  I  ^ay : 

*'  Sodium  hyposulphite  and  alcohol  were  the  chemical  reaget 
produced  the  result  noted  in  these  exj)eriments  ;  but  it  seems  prob 
a  variety  of  antiseptic  substances  will  be  found  to  be  equally  effect 
use<l  in  the  proper  proix)rtion.  Subsequent  experiments  have  shi 
neither  of  these  agents  is  capable  of  desti-oying  the  vitality  of  tl 
micrococcus  in  the  proportion  used  (one  per  cent  of  sodium  hyposi 
one  part  of  ninety-five-per-cent  alcohol  to  three  parts  of  virus), 
both  have  a  restraining  influence  upon  the  development  of  this  mi< 
ism  m  culture  fluids." 

The  following  results  were  obtained  by  the  writer  in  hi 
ments  (1881  and  1883)  to  determine  the  germicidal  and  a 
value  of  the  agents  named,  as  tested  upon  this  micrococcus. 

Alcohol. — A  twenty-four-per-cent  solution  was  effecti^ 
bouillon  cultures  in  two  hours. 

Bono  Acid,— A  saturated  solution  failed  to  destroy  vital 
two  hours'  exposure,  but  1  :  400  restrained  development. 
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Carbolic  Acid. — A  one-per-cent  solution  destroys  vitality  in  two 
hours,  and  1  :  500  restrains  development. 

Cupric  Sulphate  destroys  the  virulence  of  the  coccus  in  the 
blood  of  a  rabbit  in  the  proportion  of  1  :  400  in  half  an  hour. 

Ferric  Sulphate  failed  to  destroy  vitality  in  a  saturated  solution, 
but  restrained  development  in  the  proportion  of  1  :  200. 

Hydrochloric  Acid  destroys  the  virulence  of  the  blood  of  a  rab- 
bit containing  this  micrococcus  in  the  proportion  of  1  :  200. 

lodiney  in  aqueous  solution  with  potassium  iodide,  destroys  vital- 
ity in  the  proportion  of  1 : 1,000  and  prevents  development  in  1 : 4,000. 

Mercuric  Chloride, — One  part  in  forty  thousand  prevents  the 
development  of  this  micrococcus,  and  1  :  20,000  was  found  to  destroy 
vitality  in  two  hours. 

Nitric  Acid. — One  part  in  four  hundred  destroyed  the  virulence 
of  rabbit's  blood  containing  this  micrococcus. 

Caustic  Potash. — A  two-per-cent  solution  destroyed  vitality  in 
two  hours. 

Potassium  Permanganate. — A  two-per-cent  solution  destroyed 
the  virulence  of  rabbit's  blood  containing  this  coccus. 

Salicylic  Acid,  dissolved  by  the  addition  of  sodium  biborate. — 
A  solution  of  1  :  400  prevented  development. 

Sulphuric  Acid. — One  part  in  two  himdred  destroys  vitality,  and 
1 :  800  prevents  development. 

In  a  recent  paper  by  Bordoni-Uffreduzzi  relating  to  the  resisting 
power  of  pneumonic  virus  for  desiccation  and  light,  the  following 
results  are  given:  Pneumonic  sputum  attached  to  cloths,  when  dried 
in  the  air  and  exposed  to  diffuse  daylight,  retained  its  virulence,  as 
shown  by  injections  in  rabbits,  for  a  period  of  nineteen  days  in  one 
series  of  experiments  and  for  fifty-five  days  in  another.  Exposed  to 
direct  sunlight  the  same  material  retained  its  virulence  after  twelve 
hours'  exposure.  Cultures  have  far  less  resistance,  and  the  protec- 
tion afforded  by  the  dried  albuminous  material  in  which  the  micro- 
cocci were  embedded,  in  the  experiments  referred  to,  probably  ac- 
counts for  the  virulence  being  retained  so  long  a  time. 

Recently  (1892)  Kruse  and  Pansini  have  published  an  elaborate 
paper  giving  an  account  of  their  researches  relating  to  **  diplo- 
C0CCU8  pneiunonifiB ''  and  allied  streptococci.  We  give  below  a  sum- 
mary statement  of  their  results  : 

Many  varieties  were  obtained  by  the  observers  named  in  their  cultures 
from  various  sources — ^from  the  lungs  of  individuals  dead  from  pneumonia, 
from  pleuritic  exudeite,  from  pneumonic  sputa,  from  bronchitic  sputa,  from 
the  saliva  of  healthy  persons,  from  the  secretion  in  a  case  of  subacute  nasal 
catarrh,  from  the  unne  of  a  patient  with  nephritis. 

Pure  cultures  were  obtained  by  the  use  of  agar  plates  or  by  inoculations 
into  rabbits.  In  all  about  thirty  varieties  were  obtained  and  cultivated 
22 
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through  many  successive  ^nerations.  As  a  rule,  the  different  ^ 
which  at  first  were  seen  to  nave  the  form  of  diplococci,  when  culti 
a  length  of  time  in  artificial  media  presented  the  form  of  streptoco 
the  elements  which  at  first  were  lancet-shaped  showed  a  tendency  U 
spherical. 

The  more  virulent  varieties  usually  presented  the  form  of  d 
with  lancet-shaped  elements,  or  of  short  chains.  A  variety  whict 
long  chains  could  be  pronounced,  in  advance  of  the  experiments  on 
to  possess  comparatively  little  virulence.  When  by  inoculations  in 
the  virulence  of  such  a  variety  was  restored,  the  tendency  to  fori 
was  less  pronounced. 

Although,  as  a  rule,  no  development  occurs  at  20°  C,  certain 
were  obtained  which,  after  long  cultivation  in  artificial  media,  sho^ 
cided  ^wth  at  18^  C. 

Decided  differences  were  shown  by  the  cultures  from  various  » 
regards  their  growth  in  milk.  Out  of  eighty-four  cultures  from 
sources  eleven  did  not  produce  coagulation.  As  a  rule,  cultures  whic 
coagulation  of  milk  were  virulent  for  rabbits,  and  when  such  cult 
tlieir  virulence  they  usually  lost  at  the  same  time  the  power  of  coa 
milk.  Virulent  cultures  die  out  sooner  than  those  which  have  be 
tenuated  by  continuous  cultivation  in  artificial  media;  the  first,  on 
face  of  agar,  usually  fail  to  grow  at  the  end  of  a  week,  while  the  a1 
cultures  may  survive  for  three  weeks  or  more. 

Pathogenesis, — This  micrococcus  is  very  pathogenic  for  r 
for  rabbits,  less  so  for  guinea-pigs.  The  injection  of  a  minu 
tity — 0.2  cubic  centimetre  or  less — of  a  virulent  culture  ben 
skin  of  a  rabbit  or  a  mouse  usually  results  in  the  death  of  th( 
in  from  twenty-four  to  forty-eight  hours.  The  following  is  f 
writer's  first  published  paper  (1881),  and  refers  to  the  path 
appearances  in  rabbits : 

"•  The  course  of  the  disease  and  the  post-mortem  appearances  ind 
it  is  a  form  of  septic^Bmia.  Immediately  after  the  injection  there  is 
temperature,  which  in  a  few  hours  may  reach  2"  to  3**  O.  (3. 6**  to 
the  temperature  subsequently  falls,  and  shortly  before  death  is  ofte 
degrees  below  the  normal.  There  is  loss  of  appetite  and  marked 
after  twenty -four  hours,  and  the  animal  commonly  dies  during  tli 
night  or  early  in  the  morning  of  the  second  day  after  the  injection 
occurs  still  moi*e  quickly  when  the  blood  from  a  rabbit  recently  dc 
jected.    Not  infrequently  convulsions  immediately  precede  deatn. 

^^The  most  marked  pathological  appearance  is  a  diffuse  inflai 
oedema  or  cellulitis,  extending  in  all  dii*ections  from  the  point  of  i 
but  especially  to  the  dependent  portions  of  tbe  body.  Occasionally 
a  little  pus  near  the  punctui^e,  but  usually  death  occurs  before  the 
i-eaches  the  point  of  producing  pus.  The  subcutaneous  connect! 
contains  a  quantity  of  bloody  serum,  which  possesses  virulent  prope 
which  contains  a  multitude  of  micrococci.  There  is  usut  lly  more  c 
flammatory  adhesion  of  the  integument  to  the  subiacent  tissues.  ' 
is  sometimes  dark-coloi-ed  and  gorged  with  blood,  but  more  freque 
of  a  lighter  color  than  normal  and  contains  much  fat.  The  spleen 
normal  in  appexirance  or  enlarged  and  dark-colored.  Changes  in  tl 
are  more  marked  in  those  cases  which  are  of  the  longest  duration. 

* '  The  blood  commonly  contain  s  an  immense  num  wr  of  micrococci 
joined  in  pairs  and  having;  a  diameter  of  about  0.5  //.     These  are 
blood  drawn  from  superlicial  veins,  from  arteries,  and  from  the  c£ 
the  heart  ifiimediately  after  death,  and  in  a  few  cases  their  presence 
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verified  during  life.  Observations  thus  far  made,  however,  indicate  that  it 
is  only  durinsf  the  last  hours  of  life  that  these  parasites  multiplv  in  the  cir- 
culating fluid,  and  in  a  certain  proportion  of  the  cases  a  careful  search  has 
failed  to  reveal  their  presence  m  the  blood  in  post-mortem  examinations 
made  immediately  after  the  death  of  the  animal." 

In  animalB  which  are  not  examined  until  some  hours  after  death 
a  considerable  increase  in  the  nmnber  of  micrococci  occurs  post  mor- 
tem. The  fact  that  this  micrococcus  varies  very  much  as  to  its 
pathogenic  power,  as  a  result  of  conditions  relating  to  the  medium  in 
which  it  develops,  was  insisted  upon  in  my  first  published  paper,  and 
has  been  fully  established  by  later  researches  (Frankel,  Gameleia). 
Susceptible  animals  inoculated  with  attenuated  cultures  acquire  an 
immunity  against  virulent  cultures. 


Fia.  95.— Mlcroooceos  pneumonisd  croupoBaB  in  blood  of  rabbit  inoculated  with  pneumonic  spu- 
tum.   X  1,000. 

In  dogs  subcutaneous  injections  usually  give  a  negative  result, 
or  at  most  a  small  abscess  forms  at  the  point  of  inoculation.  In  a 
single  experiment,  however,  the  writer  has  seen  a  fatal  result  in  a 
dog  from  the  injection  of  one  cubic  centimetre  of  bloody  serum  from 
the  subcutaneous  connective  tissue  of  a  rabbit  recently  dead.  This 
shows  the  intense  virulence  of  the  micrococcus  when  cultivated  in 
the  body  of  this  animaL  Pneumonia  never  results  from  subcutane- 
ous injections  into  susceptible  animals,  but  injections  made  through 
the  thoracic  walls  into  the  substance  of  the  lung  may  induce  a  typi- 
cal fibrinous  pneumonia.  This  was  first  demonstrated  by  Talamon 
(1883),  who  injected  the  fibrinous  exudate  of  croupous  pneumonia, 
obtained  after  death,  or  drawn  during  life  by  means  of  a  Pravaz 
syringe  from  the  hepatized  portions  of  the  lung,  into  the  lungs  of 
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rabbits.  According  to  See,  eight  out  of  twenty  animalB  experi- 
mented upon  exhibited  ''a  veritable  lobar^  fibrinous  pneumonia, 
with  pleurisy  and  pericarditis  of  the  same  nature/'  Gameleia  has 
also  induced  pneumonia  in  a  large  number  of  rabbits,  and  also  in  the  • 
dog  and  the  sheep,  by  injections  directly  into  the  pulmonary  tissue. 
Sheep  were  found  to  survive  subcutaneous  inoculations,  unless  very 
large  doses  (five  cubic  centimetres)  of  the  most  potent  virus  were  in- 
jected. But  intrapulmonary  inoculations  invariably  induced  a  typi- 
cal fibrinous  pneumonia  which  usually  proved  fatal.  In  dogs  simi- 
lar injections  gave  rise  to  a  ^^  frank,  fibrinous  pneumonia  which 
rarely  proved  fatal,  recovery  usually  occurring  in  from  ten  to  fifteen 
days,  after  the  animal  had  passed  through  the  stages  of  red  and 
gray  hepatization  characteristic  of  this  affection  in  man.'* 

Monti  claims  to  have  produced  typical  pneumonia  in  rabbits  by 
injecting  cultures  of  this  micrococcus  into  the  trachea. 

From  the  evidence  obtained  in  these  experimental  inoculations, 
and  that  recorded  relating  to  the  presence  of  this  micrococcus  in  the 
fibrinous  exudate  of  croupous  pneumonia,  we  are  justified  in  con- 
cluding that  it  is  the  usual  cause  of  this  disease,  and  consequently 
have  described  it  under  the  name  Micrococcous  pneumoniad  crou- 
posse.  We  prefer  this  to  the  name  commonly  employed  by  Gterman 
authors — "diplococcus  pneumonisB** — ^because  this  micrococcus,  al- 
though commonly  seen  in  pairs,  forms  numerous  short  chains  of 
three  or  four  elements  in  cultures  in  liquid  media,  and  upon  the  sur- 
face of  nutrient  agar  may  grow  out  into  long  chains.  It  would, 
therefore,  more  properly  be  called  a  streptococcus  than  a  diplococcus. 

Recently  (1891)  G.  and  F.  Ellemperer  have  published  an  impor- 
tant memoir  relating  to  the  pathogenic  action  of  this  micrococcus. 
They  succeeded  in  conferring  immunity  upon  susceptible  animals  by 
inoculating  them  with  filtered  cultures  of  the  micrococcus,  and  in 
some  instances  this  immunity  had  a  duration  of  six  months.  A 
curious  fact  developed  in  their  researches  was  that  the  potency  of 
the  substance  contained  in  the  filtered  cultures  was  increased  by 
subjecting  these  to  a  temperature  of  41**  to  42®  C.  for  three  or  four 
days,  or  to  a  higher  temperature  (60°  C.)  for  an  hour  or  two.  When 
injected  into  a  vein  after  being  subjected  to  such  a  temperature  im- 
munity was  complete  at  the  end  of  three  or  four  days ;  but  the  same 
material  not  so  heated  required  larger  doses  and  a  considerably 
longer  time  (fourteen  days)  to  confer  immunity  upon  a  susceptible 
animal.  The  unwarmed  material  caused  a  considerable  elevation  of 
temperature,  lasting  for  some  days.  The  authors  mentioned  con- 
clude from  their  investigations  that  the  toxic  substance  present  in 
cultures  of  Micrococcus  pneumonisB  croupossB  is  a  proteid  substance, 
which  they  propose  to  call  pneumotoxin.    The  substance  produced 
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in  the  body  of  an  immune  animal,  as  a  result  of  protective  inocula- 
tions, upon  which  the  immunity  of  these  animals  depends,  is  also  a 
proteid,  which  they  call  anti-pneumotoxin.  This  they  isolated  from 
the  blood  serum  of  immune  animals.  By  experiment  they  were  able 
to  demonstrate  that  the  blood  serum  containing  this  protective  pro- 
teid, when  injected  into  other  animals,  rendered  them  immune ;  and 
also  that  it  arrested  the  progress  of  the  infectious  malady  induced  by 
inoculating  susceptible  animals  with  virulent  cultures  of  the  micro- 
coccus. When  injected  into  the  circulation  of  an  infected  animal 
its  curative  action  was  manifested  by  a  considerable  reduction  of 
the  body  temperature. 
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VI. 

PATHOGENIC  MICROCOCCI  NOT  DESCRIBEI 
SECTIONS  IV.   AND  V. 

9.     DIPLOCOCCUS   INTRACELLULARIS  MBNINGITIDK 

Discovered  by  Weichselbaum  (1887)  in  the  exudate  of 
spinal  meningitis  (six  cases),  for  the  most  part  within  the  a 

Morphology. — Micrococci,  usually  united  in  pairs,  in  ^ 
four,  or  in  little  masses ;  sometimes  solitary  and  larger  I 
being  upon  the  point  of  dividing).  Distinguished  by  their 
in  the  interior  of  pus  cells  in  the  exudate,  in  this  respect  re 
the  gonococcus. 

Stain  best  with  Loffler's  alkaline  solution  of  methyU 
Do  not  retain  their  color  when  treated  with  iodine  solution 
method). 

Biological  Characters. — This  micrococcus  does  not  grc 
room  temperature,  but  upon  nutrient  agar  an  abundant  dev 
occurs  in  the  incubating  oven.  Upon  the  surface  of  agar  a 
luxuriant,  viscid  growth,  which  by  reflected  hght  is  gra; 
transmitted  light  grayish-white  ;  along  the  line  of  punctur 
occurs  only  near  the  surface,  indicating  that  this  microcc 
not  grow  in  the  absence  of  oxygen.  Upon  plates  made  fr 
agar  (one  per  cent)  and  gelatin  (two  per  cent)  very  small  co' 
formed  in  the  interior  of  the  mass,  and  larger  ones,  of  b 
color,  on  the  surface.  The  former,  under  the  microscope,  a 
be  round  or  slightly  irregular,  finely  granular,  and  of  a  y 
brown  color.  The  superficial  colonies  have  a  yellowish-bi 
cleus,  surrounded  by  a  more  transparent  zone.  The  gro\ 
coagulated  blood  serimi  is  very  scanty,  as  is  that  in  bou 
growth  occurs  upon  potato.  This  micrococcus  quickly  loses 
of  reproduction  in  artificial  cultures — within  six  days — an 
be  transplanted  to  fresh  material  at  short  intervals — two  da 

Pathogenesis. — Mice  are  especially  susceptible,  and  us 
within  forty-eight  hours  afte^r  inoculation.  Also  pathq 
guinea-pigs,  rabbits,  and  dogs. 


ir 
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10.    STAPHYLOCOCCUS   SALIVARIUS   PYOGENES. 

Obtained  by  Biondi  (1887)  from  an  inoculation  abscess  in  a  guinea-pi^ 
injected  subcutaneously  with,  saliva  from  a  child  suffering  from  scarlatina 
anginosa. 

Morphology, — Spherical  cocci,  0.3  to  0.5.  jm  in  diameter,  usually  solitary  in 
the  pus  of  abscesses  or  in  irregular  agglomerations. 

Stains  best  by  Gram's  method. 

Biological  Characters, — Grows  at  a  comparatively  low  temperature 
(12*  to  14**  C),  and  more  I'apidly  in  the  incubating  oven.  In  j^elatin  stick 
cultures,  at  the  room  temperature,  growth  occurs  along  the  line  of  punc- 
ture, and  at  the  end  of  eight  days  liquefaction  commences  in  the  form  of 
a  funnel,  at  the  bottom  of  which  little,  white,  shining  masses  accumu- 
late, while  at  the  surface  of  the  liquefied  gelatin  a  white,  viscid  layer  forms. 
In  gelatin  plates  spherical,  well-defined,  opalescent,  whitish  colonies  are 
formed,  which  cause  a  tardy  liquefaction  of  the  surrounding  gelatin.  Upon 
agai^-agar  the  growth  is  rapid,  in  the  form  of  a  thick  layer  along  the  line  of 
inoculation  in  streak  cultures,  which  has  a  breadth  of  about  one  millimetre 
at  the  end  of  twenty-four  hours  in  the  incubating  oven,  and  presents  an 
orange-yellow  color  at  the  centre,  fading  out  to  white  at  the  margins.  Tlie 
vellow  color  is  not  by  any  means  as  pronounced  as  in  similar  cultures  of 
Staphylococcus  pyogenes  aureus,  and  liquefaction  of  gelatin  is  much  slower. 

jPathogenesiA,  — Produces  a  local  abscess  when  inoculated  into  dogs,  rab- 
bits, guinea-pigs,  or  mice.  When  injected  into  the  anterior  chamber  of  the 
eye  of  rabbits,  hypopyon,  followed  by  spontaneous  perforation  of  the  cor- 
nea, resulted.  Injected  into  the  circulation  of  a  guinea-pig  (0.2  to  0.4  cubic 
centimetre)  it  gave  rise  to  general  infection,  and  death  at  the  end  of  eight  to 
ten  days. 

11.   MICROCOCCUS  OF  PROGRESSIVE  TISSUE  NECROSIS   IX   MICE. 

Obtained  by  Koch  (1879)  from  mice  inoculated  subcutaneously  with  putrid 
blood. 

Morphology. — Round  cells,  0,5m  in  diameter,  united  in  chains,  or  at  times 
in  crowded  masses. 

Biological  Cliaracters  not  given. 

Pathogenesis. — Causes  necrosis  of  the  tissues  in  the  vicinity  of  the  point 
of  inoculation  in  mice,  which  extends  rapidly  and  causes  the  death  of  the 
animal  in  about  three  days.  The  blood  and  internal  organs  remain  free  from 
micrococci.     (Possibly  a  very  pathogenic  variety  of  Streptococcus  pyogenes  ?) 

13.   MICROCOCCUS  OF  PROGRESSIVE  ABSCESS  FORMATION  IN 

RABBITS.  il 

Obtained  by  Koch  (1879)  from  rabbits 
inoculated  with  putrid  blood. 

Morphology. — Minute  cocci,  about  0.15  u 
in  diameter,  usually  associated  in  thick, 
cloud-like  zodgloea  masses. 

Biological  Characters  not  givepi, 

PaiJiogenesis, — In    rabbits  an  extensive     ^ 
abscess  forms  in  the  vicinity  of  the  point  of  in- 
oculation, and  the  animal  dies  in  about  twelve 
days.   The  walls  of  the  abscess  are  formed  of  a 
thin  layer  of  micrococci  associated  in  zocig- 
loea  masses;  the  interior  contains  finely  gran- 
ular, cheesy  material,  in  which  the  cocci  ap-  \    ' 
pear  to  have  degenerated  and  perished.     The           ^_ 
contents  of  the  abscess  injected  into  other       Fio.  98— Micrococcus  of  propjeaaive 

rabbits  produce  a  similar  result.     The  micro-     '^^e  ^®^'2n'*  *"  mjpe-  section  of  the 
-^  r  _.  .         J    xT_     1 1       1  ear;  o,  cartilage  cells:  6,  streptococci. 

coccus  does  not  invade  the  blood.  CKoch5  ^  ^       ^ 
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Fig.  97.  —  Micrococcus  of 
pysBmia  in  rabbits,  in  capil- 
lary from  the  cortical  portion 
of  the  kidney.    xTOO.    (Koch.) 


13.      MICROCOCCUS   OP  PYEMIA  IN  RABBITS. 

Obtained  by  Kocb  (1879)  in  rabbita  ino 
subcutaneously  with  putrefying  flesh  infus 

Morphology. — Round  cells,  0.25  u  in  di 
solitary  or  in  pairs,  which  usually  surroi 
blood  corpuscles  in  a  characteristic  manne 

Biological  CharcLcters  not  given. 

Pathogenesis. — When  injected  subcuta] 
in  rabbits  the  blood  is  invaded  and  death 
from  general  infection.  At  the  autopsy  i 
lent  infiltration  is  found  at  the  point  of  in, 
there  is  peritonitis,  and  metastatic  absces 
found  in  the  lungs  and  liver.  Numerous 
cocci,  closely  surrounding  the  blood  cor] 
Are  found  in  the  capillaries  of  the  various 
the  blood  of  the  heart,  etc.  Two  or  three  d 
blood  from  the  heart  of  a  rabbit  recently  d 
jected  into  another  animal  of  the  same  i 
cause  its  death  in  about  forty  hours. 


14.      MICROCOCCUS  OF  SEPTICEMIA  IN  RABBITS. 

Obtained  bv  Koch  (1879)  from  rabbits  inoculated  subcutaneous! 
putrefying  flesh  infusion. 

MorpJwlogy. — Oval  cells,  having  a  long  diameter  of  0.8  to  1.0  /i. 

Biological  Characters  not  given. 

Pathogenesis.— Vrodxxoe^  general  infection  and  death  in  rabbits  ar 
At  the  autopsv  slieht  oedema  is  observed  at  the  point  of  inoculatic 
spleen  is  g^reatly  enuu*g;ed ;  no  peritonitis  and  no  embolic  processes  are 
such  as  characterize  the  pathogenic  action  of  the  last-described  speci 
13) ;  nor  do  the  cocci  accumulate  around  the  red  blood  corpuscles.  T 
found  in  the  capillaries  of  the  various  organs  in  masses,  and  especi 
the  glomeruli  or  the  kidneys. 

15.      MICROCOCCUS  SALIVARIUS  SBPTICUS. 

Obtained  bv  Biondi  (1887)  from  the  saliva  of  a  case  of  puerperal  c 
mia,  by  inoculations  into  animals. 

Morphology. — Spherical  or  slightly  oval  cocci,  which,  when  in  rap 
tiplication,  show  slight  lateral  protrusions. 

Biological  Characters. — Grows  in  nutrient  gelatin  or  agar  at 
perature  of  18"  to  20"  C,  and  more  rapidly  in  the  incubating  oven.  E 
liquefy  gelatin.  In  gelatin  plates  forms  spherical,  grayisn-white  a 
which  may  acquire  a  dark  color.  In  gelatin  stick  cultures  grows  ale 
line  of  puncture  in  the  form  of  a  column  made  up  of  crowded  whi 
nies.     very  scantv  growth  on  potato. 

Stains  with  all  the  aniline  colors  and  by  Oram's  method. 

Pathogenesis, — Produces  general  infection  and  death  in  from  fou 
days  when  inoculated  into  mice,  guinea-pigs,  or  rabbits.  The  cc 
found  in  great  numbers,  often  assemoled  in  masse.s,  in  the  capillaries 
various  organs,  but  no  evidence  of  inflammatory  reaction  of  the  tissi 
be  observed. 

16.      MICROCOCCUS  SUBFLAVUS  (Fliigge). 

Synonym. — Yellowish-white  diplococcus  (Bumm). 
Obtained  by  Bumm  (1885)  from  the  lochial  dischai^  of  puerperal 
and  from  vaginal  mucus.     Has  also  been  obtained  from  the  urine  i 
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of  vesical  catarrh,  and  iti  the  vesicles  of  pemphigus  ;  also  by  Frankel  in  the 
vaginal  secretion  of  children  suffering  from  colpitis  not  of  gonorrhoeal  origin. 

Morphology, — Diplococci,  associated  in  bisr*uit-shaped  pairs,  separated  by 
a  cleft,  and  closely  resembling  the  gonococcus  of  Neisser.  Cells  from  0.5  to 
1.5  /<  in  diameter. 

Stains  with  the  aniline  colors  and  by  Orani*8  method — by  which  char- 
acter it  may  be  distinguished  from  the  micrococcus  of  gonorrhoea. 

BiQlogical  Characters. — Grrows  at  the  room  temperature  upon  the  surface 
of  nutrient  gelatin;  small,  grayish- white  colonies  apoear  along  the  line  of 
inoculation  at  the  end  of  twenty-four  hours,  which  later  form  a  continent 
layer,  first  of  a  nale  yellow  and  finally  of  an  ocherous  color.  In  the  course 
of  a  few  days  liquefaction  of  the  gelatin  commences  in  the  vicinity  of  the 
growth.    Coagulated  blood  serum  is  also  liquefied  by  this  micrococcus. 

Pathogenesis, — Inoculations  uoon  mucous  membranes  susceptible  to  gon- 
orrhceal  infection  are  without  result.  But  by  injecting  the  diplococcus  from 
pare  cultures,  in  suspension  in  distilled  water,  beneath  the  skin  in  man, 
Bumm  obtained  as  a  result  local  abscess  formation— abscesses  varying  in 
size  from  that  of  a  pigeon's  egg  to  that  of  a  man's  fist.  The  diplococcus  was 
present  in  great  numbers  in  the  pus  of  these  abscesses. 

17.     MICROCOCCUS  OF  TRACHOMA  (?). 

Obtained  by  Sattler  (1885)  from  the  contents  of  the  trachomatous  follicles 
in  cases  of  Egyptian  ophthalmia;  also  by  Michel  (1886),  who  has  given  a 
more  exact  description  of  this  micrococcus,  and  has  made  inoculation  experi- 
ments which  he  believes  establish  its  etiological  relation  to  the  form  of  oph- 
thalmia with  which  it  is  associated  (?). 

Morphology. — Very  small,  biscuit  shaped  micrococci,  in  pairs — diplococci 
—separated  by  a  very  narrow  dividing  line.  (This  description  would  apply 
to  some  of  the  more  common  pus  cocci,  e.g.,  Staphylococcus  pvogenes  aureus, 
which  have  also  been  shown  to  consist  of  two  hemispherical  halves  separated 
by  a  narrow  line  of  division.) 

Biological  Characters. — Grows  slowly  upon  nutrient  gelatin  at  the  room 
temperature,  and  does  not  liquef  v  this  medium,  upon  the  surface  of  which 
a  giayish-white,  broadly  extendea,  ^listening  layer  is  formed,  which  later 
has  a  yellowish  tint  and  tulip-shapea  margins.  Spherical  colonies  are  formed 
alonff  the  line  of  puncture,  which  are  arranged  in  a  linear  series,  like  a 
chaplet.  -  In  blood  serum  it  grows  along  the  line  of  puncture  as  a  white, 
hand-like  stripe,  which  subsequently  spreads  out  in  the  form  of  white  clouds. 
The  growth  is  more  rapid  upon  nutrient  agar  or  blood  serum  in  the  incu- 
bating oven.  The  development  upon  potato  is  very  scanty.  The  cultures 
are  viscid,  drawing  out  into  long  threads  when  touched  with  a  platinum 
needle.    This  micrococcus  does  not  grow  in  the  absence  of  oxygen — aerobic. 

^ains  by  the  aniline  colors  and  by  Gram's  method. 

Pathogenesis, — Not  pathogenic  for  rabbits  when  injected  subcutaneously 
or  into  the  anterior  chamber  of  the  eye;  but,  according  to  Sattler  and  to 
Michel,  when  inoculated  by  puncture  into  the  conjunctivae  in  man  it  causes 
a  follicular  inflammation  resulting  in  typical  trachoma.  But  Michel  was 
not  able  to  demonstrate  the  presence  of  this  micrococcus  in  all  of  his  cases, 
and  extensive  researches  made  since  by  Baumgarten  and  by  Kartulis  (1887) 
show  that  in  many  cases  of  trachoma,  and  even  in  Egyptian  ophthalmia 
(Kartulis),  it  cannot  be  found.  According  to  the  last-named  author,  the  viru- 
lent ophthalmia  which  prevails  in  Egypt  is  gonorrhoeal  in  its  ori^n,  and  he 
has  demonstrated  the  presence  of  the  gonococcus  in  a  large  series  of  cases. 
A  milder,  but  infectious,  acute  catarrhal  conjunctivitis  is  characterized  b^ 
the  presence  of  a  minute  bacillus,  resembling  the  bacillus  of  mouse  septi- 
caemia, and  found  in  the  pus  cells.  A  third  group  of  chronic  cases  with 
trachoma,  in  the  researches  of  Kartulis,  failed  to  show  the  presence  of  Sat- 
tler^s  trachoma  coccus  or  any  other  microorganisms  in  the  contents  of  the 
diseased  follicles. 
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18.    MICROCOCCUS  TETRAGENUS. 

First  described  by  Qaflfky  (Fliigge).  Obtained  by  Koc 
Gaflfky  (1881)  from  a  cavity  in  the  lung  in  a  case  of  pnln 
phthisis..  Since  found  occasionally  in  normal  saliva  (three  ti] 
fifty  persons  examined  by  Biondi),  and  in  the  pus  of  acute  ab 
(Steinhaus,  Park,  Vangel).  Rather  common  in  the  sputum  of 
sical  cases. 

Morphology, — Micrococci,  having  a  diameter  of  about 
which  divide  in  two  directions,  forming  tetrads,  which  are  er 
in  a  transparent,  jelly-Uke  envelope — especially  well  develo] 
seen  in  the  blood  and  tissues  of  inoculated  animals.     In  cultui 
cocci  are  seen  in  the  various  stages  of  division,  as  large  singl 


Fio.  98.— MicrocoocuB  tetragenuB;  section  of  lung  of  mouse,    x  800.    (Fl&^nce-) 


pairs  of  oval  elements,  or  groups  of  four  resulting  from  the 
verse  division  of  these  latter. 

Stains  quickly  with  aniline  colors,  and  in  preparations  frc 
blood  of  an  inoculated  animal  the  transparent  envelope  may  i 
feebly  stained.     Stains  also  by  Gramas  method. 

Biological  Characters. — This  micrococcus  grows,  rather  g 
in  nutrient  gelatin  at  the  ordinary  room  temperature,  withoul 
faction  of  the  gelatin.  Upon  gelatin  plates  small  white  colon 
developed  in  from  twenty-four  to  forty-eight  hours,  which  imi 
microscope,  with  a  low  power,  are  seen  to  be  spherical  or 
shaped,  finely  granular,  and  with  a  mulberry-like  surface, 
they  come  to  th6  surface  they  form  white,  elevated,  and  rathe 
masses  having  a  diameter  of  one  to  two  millimetres.  In  i 
stick  cultures  a  broad  and  thick  white  mass  forms  upon  the  si 
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and  along  the  line  of  puncture  a  series  of  round,  milk-white  or  yel- 
lowish masses  form,  which  usually  remain  distinct,  but  may  become 
confluent.  Upon  the  surface  of  agar  the  growth  is  similar  to  that 
upon  gelatin,  or  in  streak  inoculations  may  consist  of  a  series  of 
spherical,  white  colonies.  Upon  cooked  potato  a  thick,  viscous  layer 
is  formed  of  milk-white  color  ;  the  growth  upon  blood  serum  is  also 
abundant,  especially  in  the  incubating  oven.  This  micrococcus  is  a 
facultative  anaerobic. 

Pathogenesis. — Subcutaneous  inoculation  of  a  culture  of  this 
micrococcus  in  minute  quantity  is  fatal  to  white  mice  in  from  two  to 
six  days.  The  animals  remain  apparently  well  for  the  first  day  or 
two,  then  remain  quiet  and  somnolent  until  death  occurs.  The  cocci 
are  found  in  comparatively  small  numbers  in  the  blood  of  the  heart, 
but  are  more  numerous  in  the  spleen,  lungs,  liver,  and  kidneys,  from 
which  organs  beautiful  stained  preparations  may  be  made  show- 
ing the  tetrads  surrounded  by  their  transparent  capsule.  Common 
house  mice  and  field  mice  are,  for  the  most  part,  immune,  as  are  the 
rabbit  and  the  dog.  Guinea-pigs  sometimes  die  from  general  infec- 
tion, and  sometimes  a  local  abscess  is  the  only  result  of  a  subcutane- 
ous inoculation. 

19.     MICROCOCCUS  BOTRYOGENUS   (Rabe). 

Synonyms. — Micrococcus  of  "  myko-desmoids ''  of  the  horse;  Mi- 
crococcus askoformans  (Johne)  ;  Ascococcus  Johnei  (Cohn). 

First  described  by  Bollinger  (1870)  ;  morphological  characters  and 
location  in  the  diseased  tissues  described  by  Johne  (1884)  ;  biological 
characters  determined  by  Rabe  (1886). 

Is  found  in  certain  diffused  or  circumscribed  growths  in  the  con- 
nective tissue  of  horses — "  myko-desmoids." 

Morphology. — Micrococci,  having  a  diameter  of  1  to  1.5  //,  usu- 
ally united  in  pairs. 

In  the  tissues  the  cocci  are  united  in  colonies  of  fifty  to  one  hun- 
dred pi  in  diameter,  and  these  are  associated  in  mulberry-like  masses 
visible  to  the  naked  eye.  The  separate  colonies  are  enclosed  in  a 
homogeneous,  transparent  envelope — ^as  in  Ascococcus  Billrothii. 
This  is  not  the  case,  however,  in  cultures  in  artificial  media. 

Stains  with  the  aniline  colors. 

Biological  Characters, — In  gelatin  plate  cultures  spherical, 
sharply  defined,  silver-gray  colonies  are  developed  ;  later  these  have 
a  yellowish  color  and  a  metallic  lustre,  and  the  plate  presents  the  ap- 
pearance of  being  powdered  with  grains  of  pollen.  It  gives  off  a 
pecuHar  fruit-like  odor,  reminding  one  of  the  odor  of  strawberries. 
In  gelatin  stick  cultures  growth  occurs  along  the  line  of  puncture  as 
a  pale  grayish-white  line,  which  later  becomes  milk-white ;   an  air 
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babble  f onns  near  the  sarface  of  the  gelatin  ;  rery  slight  liquefac- 
tion ooeuTB  in  the  immediate  Ticinity  of  the  line  of  growth,  and  after 
a  time  the  grajiah-white  thread  sinks  into  an  irregolar  mass,  lying 
at  the  bottom  of  the  pfonctnie.  Upon  nutrient  agar  acaroelj  any  de- 
velopment occnrs.  Upon  potato  the  growth  is  abundant,  in  the  form 
of  a  pale-yellowy  circular  layer,  and  tiie  culture  gives  off  the  peculiar 
odor  above  described. 

Pathogenesis, — ^When  inoculated  into  guinea-pigs  general  infec- 
tion and  death  result.  In  sheep  and  goats  it  produces  a  local  in- 
flammatory oedema  and  sometimes  necrosis  of  the  tissues.  Inhorse.'i 
inoculated  subcutaneously  an  inflammatory  cedema  first  occurs,  fol- 
lowed at  the  end  of  from  four  to  six  weeks  by  the  development  of  new 
growths  in  the  connective  tissue^  resembling  the  tumors  found  in 
cases  of  the  disease  in  the  animal  from  which  the  micrococcus  in 
question  was  first  cultivated.  These  tumors  contain  characteristic 
mulberry-like  conglomerations  of  colonies  made  up  of  the  coccus. 

20.     MICROCOCCUS  OF  MAXFREDI. 

Synonym, — Micrococcus  of  progressive  granuloma  formation. 

Obtained  by  Manfredi  (1S8C)  from  the  sputum  of  two  cases  of 
croupous  pneimionia  following  measles. 

Morphology. — Oval  micrococci,  having  a  diameter  of  0.6  to  1.0  >i 
and  from  1.0  to  1.5  /c  in  length  ;  usually  associated  in  pairs,  and  oc- 
casionally in  short  chains  containing  three  or  four  elements. 

Stains  with  the  aniline  colors  and  by  Gram's  method. 

Biological  Characters. — ^Aepobic;  does  not  liquefy  gelatin. 
Upon  gelatin  plates  forms  small,  spherical  colonies,  at  first  grayish- 
white,  which  spread  out  upon  the  surface  as  thin,  transparent  plates, 
which  by  transmitted  light  have  a  bluish,  by  reflected  light  a  pearl- 
gray  color.  Later  these  become  thicker  and  have  a  pearly  lustre. 
Under  the  microscope  (forty  to  fifty  diameters)  the  colonies  are  seen 
to  be  slightly  granular  and  the  margins  have  an  irr^ular  outline. 
In  gelatin  stick  cultures  a  scanty  g^wth  occurs  along  the  line  of 
puncture,  and  a  rather  thin  and  limited  growth  about  the  point  of 
inoculation.  Upon  blood  serum  a  thin,  greenish-yellow  layer,  which 
has  irregular  margins  and  a  slightly  granular,  shining  surface,  is 
developed.  The  growth  upon  potato,  at  37°  C,  is  scanty,  and  con- 
sists of  a  very  thin,  moist  layer,  which  has  a  yellowish  color  and  is 
slightly  granular.  Growth  occurs  in  favorable  media — ^bouillon, 
gelatin — at  temperatures  of  18°  to  48°  C,  but  ceases  at  a  temperature 
of  48°  to  50°  C. 

Pathogenesis. — Pathogenic  for  dogs,  rabbits,  guinea-pigs,  mice, 
and  birds.  In  mammals  the  principal  pathological  appearance  re- 
sulting from  infection  consists  in  the  formation  of  "  granulation  tu- 
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mors  "  in  the  parenchymatous  organs.  These  vary  in  size  from  that 
of  a  millet  seed  to  that  of  a  pea,  and  undergo  caseation*  They  con- 
tain the  micrococcus  and  are  infectious.  Mammals  die  m  from  nine 
to  fifteen  days ;  birds  in  from  one  to  three  or  four,  and  without  the 
formation  of  the  characteristic  granuloma,  but  with  general  infec- 
tion of  the  blood.  Cultures  which  have  been  kept  for  several  months 
retain  their  pathogenic  power. 

21.  MICROCOCCUS  OF  BOVINE  MASTITIS   (Kitt), 

Obtained  by  Kitt  (18S5)  from  the  udder  of  cows  sutfering  from  mastitis 
and  giving  milk  mixed  with  pus. 

Morph^ogy. — Micrococci,  having  a  diameter  of  0.2  to  0.5  >u,  solitary, 
united  in  pairs,  in  irregular  groups,  and  occasionally  in  chains. 

Stains  with  the  aniline  colors. . 

Bioloaical  Char(icter8,—Do^  not  liquefy  gelatin.  Upon  gelatin  plates 
forms  spherical,  translucent,  glistening  colonies,  the  size  of  a  nemp  seed  to 
that  of  a  pin*s  head ;  in  gelatin  stick  cultures  a  nail-shaped  growth  occurs, 
the  mass  at  the  point  of  puncture  being  oimque  and  of  a  white  color.  Upon 
potato,  colonies  are  quickly  developed  which  have  a  grayish -white  or  dirty 
yellow  color,  and  after  a  few  days  have  a  shining,  wax-like  appearance. 
Grows  rapidlv  in  milk,  causing  an  acid  reaction ;  in  six  hours  in  the  incu- 
Idling  oven  the  milk  is  pervaded  by  the  micrococcus,  or  in  twelve  hours  at 
20' C. 

Pathogenesis. — Injection  of  pure  cultures,  suspended  in  distilled  water, 
into  the  mammary  glands  of  cows,  produces  typical,  acute,  purulent  mas- 
titis (Eitt).  The  micrococcus  produced  the  same  result  after  having  been 
cultivated  in  artificial  media  for  a  year.  Subcutaneous  inoculations  in  cows, 
pigs,  guinea-pigs,  rabbits,  and  mice  were  without  result.  Injections  into 
the  mammary  gland  of  goats  were  also  without  effect. 

22.  MICROCOCCUS  OF  BOVINE  PNEUMONIA  (?). 

Isolated  by  Poels  and  Nolen  (1886)  from  the  lungs  of  cattle  suffering 
from  '*Lungenseuche  "  (infectious  ^leuro-pneumonia  of  cattle). 

Morphology. — Micrococci,  varying  considerably  in  size — average  dia- 
meter 0.9 1<;  soUtary,  in  pairs,  or  in  cmdns  containing  several  elements;  sur- 
rounded by  a  transparent  capsule,  which  stains  with  difficulty. 

Stains  with  all  the  aniline  colors,  and  with  difficulty  by  Gramas  method. 

Biologiccd  Cfiaracters, —  oes  not  liquefy  gelatin,  and  grows  like  the  ba- 
cillus of  Friedlander  in  gelatin  stick  cultures  (nail-shaped  growth).  In  gela- 
tin plates  the  colonies  are  spherical,  white,  and  have  a  very  faint  yellowish 
tinge.  Grows  more  rapidly  on  agar  in  the  incubating  oven,  and  upon  po- 
tato in  the  form  of  a  verv  pale-vellowish  layer.  Is  destroyed  by  a  tempera- 
ture of  66^  C.  maintained  for  fifteen  minutes. 

Pathogenesis. — ^Pure  cultures  injected  into  the  lungs  of  dogs,  rabbits, 
and  guinea-pigs  are  said  to  give  rise  to  pneumonic  inflammation,  and  simi- 
lar results  were  obtained  by  injection  into  the  trachea  of  dogs  and  by  in- 
halation experiments.  Injection  of  a  pure  culture  into  the  lungs  of  a  cow 
caused  extensive  pneumonic  changes ;  out  these  did  not  entirely  correspond 
with  the  appearances  found  in  the  lungs  of  cattle  suffering  from  infectious 
pneumonia.  Cattle  inoculated  with  a  pure  culture,  bv  means  of  a  sterilized 
lancet,  did  not  fall  sick,  but  are  believed  bjr  Poels  and  Nolen  to  have  been 
protected  from  the  disease  by  such  inoculations. 

The  specific  relation  of  the  microcpccus  above  described  to  the  disease 
with  which  it  was  associated,  in  the  researches  of  the  authors  mentioned,  has 
not  been  established  by  subsequent  investigations. 
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23.   STREPTOCOCCUS  8BPTICUS   (Flugge). 

Found  by  Nicolaier  and  by  Guameri  in  unclean  soil  during  reses 
made  in  Fliigge's  laboratory  in  Grottinpen. 

Morphology. — Cannot  be  distinguisned  from  Streptococcus  pyogene 
does  not  so  constantly  form  chains,  being  found  in  the  tissues  of  inoci 
animals,  for  the  most  part  in  pairs. 

Biological  Characters.^Grows  more  slowly  than  Streptococcus  pyo^ 
in  gelatin  plates  very  minute  colonies  first  appear  at  the  end  of  three  o 
days,  or  along  the  line  of  puncture  in  gelatin  stick  cultures  after  five 
days.     Does  not  liouefy  gelatin. 

Pathogenesis.— -Ls  very  pathogenic  for  mice  and  for  rabbits,  causing 
from  general  infection  in  two  or  three  days. 

24.    STREPTOCOCCUS  BOMBYCI8. 

Synonym. — Microzyma  bombycis  (B^hamp). 

Found  in  the  bodies  of  infected  silkworms  suffering  from  la  fla 
(maladie  des  morts-plats).     Etiological  relation  establish^  by  Pasteur. 

Morphology. — Oval  cells,  not  exceeding  1.5/<  in  diameter,  in  pairs 
chains. 

Biological  Characters, — Not  determined  with  precision. 

Pathogenesis. — ^The  infected  silkworm  ceases  to  eat,  becomes  weal 
dies.  Its  body  is  soft  and  diffluent,  and  at  the  end  of  twenty-four  to 
eight  hours  is  filled  with  a  dark  brown  fiuid  and  with  gas. 

25.    NOtiEMA  BOMBYCIS. 

Synonyms, — Micrococcus  ovatus;  Panhistophyton  ovatum. 

Found  in  the  blood  and  all  of  the  organs  of  silkworms  infectec 
p^brine  (Fleckenkrankheit). 

First  observed  bv  Cornalia.    Etiological  relation  established  by  Pas 

Morphology. — Snining,  oval  cells,  Uiree  to  four  u  long  and  twoM  \ 
solitary,  in  pairs,  or  in  irregular  groups. 

Biological  Characters. — Not  determined  with  precision. 

Pathogenesis, — Dark  spots  appear  upon  the  skin  of  infected  silkw 
which  lose  their  appetite,  become  slender  and  feeble,  and  soon  die. 
oval  corpuscles  are  found  in  all  of  the  organs,  and  also  in  the  e^ 
butterflies  hatched  from  infected  larvae.  Some  authors  are  of  the  o] 
that  the  oval  corpuscles  found  in  this  disease  do  not  belong  to  the 
ria,  but  to  an  entirely  different  class  of  microorganisms — the  Psorosp 
(Metschnikoff). 

26.   MICROCOCCUS  OP  HEYDENREICH. 

Synonyms, — Micrococcus  of  Biskra  button — Fr,  *' clou  de  Biskra**; 
**  Pendesche  G^eschwur." 

Found  by  Heydenreich  (1888)  in  pus  and  serous  fluid  obtained  fro 
tumors  and  ulcers  in  the  Oriental  skin  affection  known  as  Biskra  buti 

Morphology. — Diplococci,  from  0.86  to  1  m  in  length,  surrounded 
capsule;  sometimes  associated  to  form  tetrads. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  liquefying  micrococcus  Grc 
the  usual  culture  media  at  the  room  temperature.  In  gelatin  stick  ctU 
At  20"  C,  at  the  end  of  fortv -eight  hours  growth  occurs  along  the  1 
puncture  in  the  form  of  small,  crowded  colonies,  which  produce  a  m 
white  line;  upon  the  surface  a  thin,  circular  layer  of  a  yellowisn- 
color  is  developed.  At  the  end  of  three  to  four  days  liquefaction  comn: 
near  the  surface,  where  a  funnel  is  formed  which  extends  until  aboi 
fourteenth  day,  when  the  gelatin  is  completely  liquefied.     Upon  the  si 
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of  agar,  at  37"*  C,  a  grayish- white  or  yellovdsh  layer  is  formed  at  the  end  of 
twenty-four  hours,  which  has  a  varnish-like  lustre.  Upon  potato^  at  SO*"  to 
35*0.,  at  the  end  of  forty-eight  hours  a  white  or  yellow  layer  has  de- 
veloped. 

Pathogenesis, — According  to  Heydenreich,  inoculations  in  rahbits,  dogs, 
chickens,  horses,  and  sheep  cause  a  skin  afPection  which  is  identical  Vith 
that  which  characterizes  Biskra  button  in  man.  When  rubbed  into  the 
healthy  skin  of  man  it  also  produces  the  development  of  abscesses. 


27.    MICROCOCCUS  OF  DEMME. 

Sunonym. — Diplococcus  of  pemphigus  acutus  (Demme). 

Obtained  by  Demme  (1886)  from  me  contents  of  the  bullae  in  a  case  of 
pemphigus. 

Morphology. — Micrococci  of  from  0.8  to  1.4  /i  in  diameter;  usually  united 
in  pairs  resembling  the  '^gonococcus"  and  having  a  length  of  1.8  to  3  >u, 
very  opaque  and  not  surrounded  by  a  capsule;  usually  associated  in  irregu- 
lar masses. 

Biological  Characters. — Aerobic  micrococci.  Do  not  grow  at  the  room 
temperature.  Upon  agar  plates,  at  37°  C,  at  the  end  of  thirty-six  to  forty- 
eight  hours  milk-white,  spherical  colonies,  which  project  above  the  surface, 
are  developed;  later  club-shaped  outgrowths  form  around  the  peripherv  of 
the  colony,  giving  it  the  appearance  of  a  rosette,  or  sometimes  of  a  buncn  of 
grapes.  At  the  end  of  two  weeks  the  surface  is  covered  with  smooth  projec- 
tions and  has  a  cream-like  color.  In  streak  cultures  upon  agar  a  similar 
gprowth  occurs  along  the  impfstrich,  having  club-like  projections  and  stalac- 
tite-like outgrowths.  Growth  also  occurs  upon  potato  at  a  temperature  of 
37°  C.  This  micrococcus  develops  slowly  in  the  incubating  oven,  and 
scarcely  any  growth  occurs  at  a  temperature  below  32°  C. 

Patiiogenesis, — ^The  injection  of  a  pure  culture  into  the  lungs  of  guinea- 
pigs  gave  rise  to  emaciation  and  debility  and  to  the  formation  of  foci  of 
broncho-pneumonia,  the  size  of  a  pea,  in  uie  lungs. 

28.    STREPTOCOCCUS  OF  MANNEBERG. 
Obtained  by  Manneberg  (1888)  from  the  urine  in  acute  cases  of  Bright's 


Morphology.— 'Miicrococciy  about  0.9 //  in  diameter,  solitary,  in  pairs,  or 
in  chains  of  six  to  ten  elements.  Does  not  differ  in  morphology  from  Strep- 
tococcus pyogenes. 

Stains  with  the  usual  aniline  colors  and  also  by  Gramas  method. 

Biological  Chara^^ters. — An  aerobic  and  facultative  anaerobic  micro- 
coccus, which  slowly  produces  a  viscid  softening  of  nutrient  gelatin.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  In  gelatin  stick  cul- 
tures forms  a  white  stripe  along  the  line  of  puncture,  which  consists  of  small 
colonies.  At  the  end  oi  three  or  four  weeks  a  funnel  is  formed  containing 
very  viscid  liquefied  gelatin,  and  at  the  same  time  brush-like  outgrowths  are 
seen  along  the  line  of  development.  Upon  the  surface  of  agar  the  growth 
resembles  that  of  Streptococcus  pyogenes,  but  is  somewhat  more  abundant. 
Upon  pototo,  at  37°  C.,  at  the  end  of  four  or  five  days  white,  drop-like  colo- 
nies are  developed  of  about  0.5  millimetre  in  diameter;  these  become  con- 
fluent and  form  a  slimv  layer.  Milk  becomes  strongly  acid  and  coagulates 
within  twelve  hours  wnen  inoculated  with  this  micrococcus. 

Paf^ogene«ia.— Subcutaneous  injection  of  0.75  to  1  cubic  centimetre 
causes  the  formation  of  a  local  abscess  in  dogs  and  rabbits.  Intravenous 
injections  produce  inflammatory  changes  in  the  kidneys ;  at  the  end  of  three 
or  four  days  the  urine  contains  red  blood  corpuscles,  renal  epithelium,  blood 
casts,  albumin,  and  streptococci. 
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29.  MICROCOCCUS  BNDOCARDiTiDis  RUGATUS  (Weichselbauiii). 

Obtained  by  Weicliselbaum  (1890)  from  the  affected  cardiac  valves  in  a 
fatal  case  of  ulcerative  endocarditis. 

Morphology. — Micrococci,  resembling  the  staphylococci  of  pus  in  dimen- 
sions and  moae  of  grouping;  solitary,  in  pairs,  in  groups  of  four,  or  in  ir- 
regular masses. 

Biological  Characters, — ^An  aer^ic  micrococcus.  Does  not  gfrow  at  the 
room  temperature.  Upon  agar  plates,  at  37^  C,  at  the  end  of  three  or  four 
days  the  superRcial  colonies  consist  of  a  small,  brown,  central  mass  sur- 
rounded by  a  granular,  se:ni  transparent,  grayish  marginal  zone;  gradually 
they  attain  a  characteristic  wrinkled  appearance;  the  deep  colonies,  under  a 
low  power,  are  irregular,  finely  granular,  and  contain  a  large  central,  yel- 
lowish-brown nucleus  surrounded  by  a  narrow,  grayish -brown  peripheral 
zone.  In  a^ar  stick  cultures  small,  spherical  colonies  are  formed  upon  the 
surface,  which  become  confluent,  forming  a  j^ravish-white,  wrinkled  layer 
which  has  a  stearin-like  lustre  and  is  very  viscid ;  a  scanty  growth  occurs 
along  the  line  of  puncture.  Upon  potato,  at  37"  C  ,  a  scanty  development 
occurs  in  the  form  of  a  small,  dry,  pale-brown  mass.  Upon  blood  serum 
isolated  or  confluent,  colorless  colonies  are  formed  the  size  of  a  poppy  seed ; 
these  are  closely  adherent  to  the  surface  of  the  culture  medium. 

Pathogefiesis. — When  injected  subcutaneously  into  the  ear  of  a  rabbit  it 
produces  tumefaction  and  redness;  in  guinea-pigs,  formation  of  pus.  When 
injected  into  the  circulation  of  dogs,  after  injury  to  the  aortic  valves,  an  en- 
docarditis is  developed. 

30.   MICROCOCCUS  OP  GANGRENOUS  MASTITIS  IN  SHEEP. 

Obtained  bjr  Nocard  (1887)  from  the  milk  of  sheep  suffering  from  gan- 
grenous mastitis  (mal  de  pis  or  d*araign^),  a  fatal  disease  which  attacks 
especially  sheep  which  are  being  milked  for  the  manufacture  of  cheese,  at 
Boquefort  and  elsewhere  in  France. 

Morphology.  —Micrococci,  solitary,  in  pairs,  or  in  irregular  groups,  resem- 
bling the  staphylococci  of  pus  in  dimensions  and  arrangement 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing micrococcus.  Grows  at  the  room  temperature  in  tiie  usual  culture  me- 
dia. Upon  gelatin  j^lcUes,  at  the  end  of  forty-eight  hours,  the  colonies  are 
spherical  and  white  in  color;  under  a  low  power  the  superficial  colonies  are 
circular  in  outline,  homogeneous,  and  brown  in  color;  they  are  surrounded 
by  a  semi-transparent  aureole  ;  liquefaction  around  the  superficial  colonies 
occurs  sooner  tnan  around  those  beneath  the  surface  of  the  gelatin.  In 
gelatin  stick  cultures,  at  18**  to  20**  C,  on  the  second  day  liquefaction  of  the 
gelatin  commences  near  the  surface  ;  by  the  fifth  day  a  pouch  of  liquefied 
gelatin  has  formed,  which  has  the  shape  of  an  inverted  cone;  at  the  bottom 
of  tills  an  abundant  deposit  of  micrococci  is  seen,  while  the  liquefied  gela- 
tin above  is  clouded  throughout.  In  agar  stick  cultures  development  oc- 
curs upon  the  surface  as  a  thick  white  layer,  which  gradually  extends 
over  the  entire  surface,  and  s^ter  a  time  acquires  a  yellowish  tint;  develop- 
ment also  occurs  along  the  line  of  puncture.  Upon  potato  a  thin,  viscid, 
grayish  layer  is  slowly  developed;  the  outline  is  irregular  and  the  edges 
uiicker  than  the  central  portion  ;  the  central  portion  of  this  layer  gradually 
acquires  a  yellow  color,  while  the  periphery;  remains  of  a  dirty-white  or 
grayish  color.     Blood  serum  is  liquefied  oy  this  micrococcus. 

Pathogenesis, — A  few  drops  or  a  pure  culture  injected  subcutaneously  or 
into  the  mammanr  gland  of  sheep  cause  an  extensive  inflammatory  oedema 
and  the  death  of  the  animal  in  from  twenty-four  to  forty-eight  hours.  A 
cubic  centimetre  injected  into  the  mammary  gland  of  a  goat  produced  no  re- 
sult ;  the  horse,  the  ialf ,  the  pig,  the  cat,  chickens,  and  guinea-pigs  also  proved 
to  be  immune.  Subcutaneous  injections  in  rabbits  produce  an  extensive  ab* 
scess  at  the  point  of  inoculation. 
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31.    STREPTOCOCCUS   OF  MASTITIS  IN  COWS. 

Obtained  by  Nocard  and  Mollereau  (1887)  from  the  milk  of  cows  suffering 
from  a  form  of  chronic  mastitis  (mammite  contac^euse). 

Morphology. — Spherical  or  oval  cocci,  a  little  less  than  one  >u  in  diameter^ 
usually^  unitea  in  long  chains. 

Stains  with  the  usual  aniline  colors  and  also  by  Gramas  method. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic^  non- 
liquefying  streptococcus.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  Develops  rapidly  in  milk  or  in  bouillon  at  a  temperature  of 
16^  to  30''  C.  The  milk  of  a  cow  suffering  from  the  form  of  mastitis  produced 
by  this  micrococcus,  when  drawn  with  proper  precautions  in  sterilized  test 
tubes,  at  the  end  of  twenty-four  hours  is  acid  in  reaction ;  the  lower  two- 
thirds  of  the  tube  is  filled  with  an  opaque,  dirty-white»  homogeneous  deposit, 
and  above  this  is  an  opalescent,  serous  fluid  of  a  bluish  or  dirty -yellow  or 
slij?htly  reddish  color,  according  to  the  age  of  the  lesion.  A  drop  of  this 
muk  examined  under  the  microscope  shows  the  presence  of  the  streptococcus 
in  great  numbers.    The  addition  of  two  to  Ave  pner  cent  of  glucose  or  of  gly- 


Fio.  99.— streptococcus  of  mastitis  In  cows  (Nocard). 

cerin  to  bouillon  makes  it  a  more  favorable  culture  medium ;  the  reaction 
should  be  neutral  or  slightly  alkaline,  as  this  streptococcus  does  not  grow 
readily  in  an  acid  medium,  although  it  produces  an  acid  reaction  in  media 
containing  sumr,  the  acid  formed  bein^  lactic.  In  gelatin  stick  cultures  the 
^wth  upon  the  surface  is  scanty,  in  tne  form  of  a  thin  pellicle  around  the 
point  of  puncture;  along  the  line  of  inoculation  minute,  opaque,  granular 
colonies  are  developed,  which,  being  closely  crowded,  form  a  thick  line  with 
jagfi;ed  margins. 

In  agar  stick  cultures  the  growth  is  similar  but  more  abundant.  Upon 
the  surface  of  nutrient  gelatin,  agar,  or  blood  serum  a  large  number  of  mi- 
nute, spherical,  semi-transparent  colonies  are  developed  along  the  impfstrich ; 
these  have  a  bluish  tint  by  reflected  light ;  they  may  become  confluent,  form- 
ing a  thin  layer  with  well-defined  margins.  Upon  gelatin  plates,  at  16**  to 
18'  C,  oolomes  are  first  visible  at  the  end  of  two  or  three  days;  they  are 
spherical  and  slightly  granular,  at  first  transparent  and  later  of  a  pale-yellow 
color  by  transmitted  light,  which  gradually  oecomes  brown.  At  the  end  of 
five  or  six  weeks  the  colonies  are  still  quite  small,  well  defined,  and  opaque. 

Pathogenesis. — ^Pure  cultures  injected  into  the  mammary  gland  of  cows 
and  goats  gave  rise  to  a  mastitis  resembling  in  its  development  that  from 
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which  the  streptococcus  was  obtained  in  the  first  instance.  Injections  into 
the  cavity  of  tne  abdomen  or  into  a  vein,  of  one  cubic  centimetre  of  a  pure 
culture,  gave  a  negative  result  in  dogs,  cats,  rabbits,  and  guinea-pigs. 

32.   DIPLOCOCCU8  OP  PNEUMONIA  IN  HORSES. 

Obtained  by  Schiitz  (1887)  from  the  lungs  of  horses  affected  with  pneu- 
monia. 

Morphology. — Oval  cocci,  usually  in  pairs,  surrounded  by  a  homogene- 
ous, transparent  capsule. 

Does  not  stain  by  Gram's  method. 

Biological  Characters. — An  aerobic^  non-liquefying  micrococcus.  Grows 
at  the  room  temperature.  Upon  gelatin  plates  forms  small,  spherical,  white 
colonies. 

In  gelatin  stick  cultures  grows  along  the  line  of  puncture  as  small,  white, 
separate  colonies,  which  grow  larger  without  becoming  confluent.  Upon 
the  surface  of  agar  small  transparent  drops  are  developed  along  the  impf- 
strich. 

Pathogenesis. — The  injection  of  a  pure  culture  into  the  lung  of  a  horse 
produces  pneumonia  and  causes  its  death  in  eight  or  nine  days.  Pathogenic 
for  rabbits,  guinea-pigs,  and  mice. 

33.  STREPTOCOCCUS  CORYZ^  CONTAGIOSA  EQUORCM. 

Obtained  by  Shiitz  (1888)  from  pus  from  the  lymphatic  glands  involved 
in  horses  sunering  from  the  disease  known  in  Germany  as  Druse  des 
Pferdes. 

Morphology. — Oval  cocci,  in  pairs,  in  chains  containing  three  or  four 
elements,  or  m  long  chaplets. 

Stains  with  the  usual  aniline  colors—very  intensely  with  Weigert's  or 
Ehrlich^s  solution. 

Biological  Characters. — An  aJerdbic  and  facultative  anaerobic  micrococ- 
cus. Grows  slowly  at  the  room  temperature,  more  rapidly  at  37*  C.  Upon 
gelatin  plates  at  the  end  of  three  to  five  days  minute  colonies  become  visible; 
these  never  exceed  the  size  of  a  pin's  head.  In  gelatin  stick  cultures  growth 
upon  the  surface  is  scanty  or  absent;  along  the  line  of  puncture  minute 
colonies  are  developed  in  rows.  Upon  agar  plates^  at  37"*  C,  at  the  end  of 
twenty-four  hours  lentil-shaped  colonies  are  developed  the  size  of  a  pin's 
head ;  under  a  low  power  the  superficial  colonies  are  seen  to  have  a  well-de- 
fined, opaque  nucleus  surrounded  by  a  grayish,  transparent  marginal  zone, 
whicn  represents  a  half -fluid,  slimy  growth  which  does  not  extend  after  the 
third  day  and  later  disappears  entirely;  the  deep  colonies  are  at  first  well- 
defined,  and  later  surrounded  by  wing-like  outgrowths.  Upon  hlood  serum, 
at  37^  C,  yellowish,  transparent  drops  are  first  developed;  these  become  con- 
fluent ana  form  a  viscid  and  tolerably  thick  layer;  tnis  later  becomes  dry 
and  iridescent. 

Pathogenesis. — ^Pathogenic  for  horses  and  for  mice,  producing  in  th^ 
animals  an  abscess  at  the  point  of  inoculation,  and  metastatic  amcesses  in 
the  neighboring  lymphatic  glands.  Not  pathogenic  for  rabbits,  guinea-pigs, 
or  pigeons. 

34.  H^MATOCOCCUS  BOVis  (Babes). 

Obtained  by  Babes  (1889)  from  the  blood  and  various  organs  of  cattle 
which  had  died  of  an  epidemic  malady  (in  Roumanian  characterized  by  ha^mo- 
globinuria.  The  cocci  are  found  in  tne  blood  in  great  numbers,  for  the  most 
part  enclosed  in  the  red  corpuscles. 

Moipliology. — Biscuit-shaped  cocci  united  in  pairs;  sometimes  oblong  in 
form,  isolated  or  united  in  groups;  the  free  cocci  are  surrounded  by  a  pale- 
yellowish,  shining  aureole  of  0.5  to  1  >u  in  diameter. 
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Stcuna  best  with  Loffler's  solution  of  methylene  blue ;  does  not  stain  by 
Grain's  method. 

Biological  CJiaracterB, — An  aerobic  and  facultative  anaSrobic^  non- 
liquefying  micrococcus.  Grows  very  slowly  at  the  room  temperature — not 
below  20*"  0.  In  the  incubating  oven  grows  in  the  usual  culture  media.  In 
gelatin  stick  cultures  a  scanty  development  of  small,  white  colonies  occurs 
along  the  line  of  puncture.  Upon  the  surface  of  agar  small,  transparent 
drops  are  developed  alon^  the  impfstrich.  Upon  potato,  atS?*"  C.  a  thin, 
broad,  yellowish,  shinine  layer  is  developed  in  the  course  of  a  few  days — 
scarcely  visible.  Upon  olood  serum  small,  moist,  transparent  colonies  are 
developed. 

Pathogenesis, — ^Pathogenic  for  rabbits  and  rats,  which  die  in  from  six  to 
ten  days  after  inoculation  with  a  pure  culture;  the  spleen  is  found  to  be  en- 
larged, the  lungs  hypersemic,  and  a  bloody  serum  is  found  in  the  cavity  of 
the  abdomen;  the  cocci  are  present  in  the  blood  in  considerable  numbers, 
but  are  rarely  seen  in  the  red  corpuscles.  Inoculations  in  oxen,  horses, 
goats,  sheep,  guinea-pigs,  and  birds  were  without  effect. 

35.   HICBOCOCCUS  GINGIVA  PYOGENES. 

Obtained  by  Miller  (1889)  from  the  mouth  of  a  man  suffering  from  alveo- 
lar abscefis. 

Morphology. — ^Large  cocci  of  irregular  dimensions,  solitary  or  in  pairs. 

BUuogical  Characters,— Kn  aerobic  &nd  facultative  anaerobic,  nonliqu^- 
/j^ing  micrococcus.  Grows  at  the  room  temperature  in  the  usual  media.  Upon 
g&atinplcdes  it  forms  spherical,  well-defined  colonies,  which  under  a  low 
power  are  at  first  slightly  colored  and  later  opaaue.  In  gelatin  stick  cultures 
an  abundant  development  occurs  both  upon  the  surface  and  alon^  the  line 
of  puncture.  Upon  the  surface  of  agar  a  tolerably  thick,  grayish  growth 
occurs  along  the  impfstrich,  which  has  a  purplish  tint  by  transmittedT  light. 

i\»^fcog«n«8M.— Subcutaneous  injections  in  mice  produce  a  local  abscess 
and  necrosis  of  the  skin,  followed  sometimes  by  death.  Injections  into  the 
cavity  of  the  abdomen  produced  peritonitis  and  death  in  from  twelve  to 
twenty-jfour  hours. 

36.   PSEUDODIPLOCOCCUS  PNEUMONLffl. 

Obtained  by  Bonome  (1888)  from  the  sero-fibrinous  exudate  in  an  autopsy 
of  an  individual  who  died  of  cerebro-spinal  meningitis.  ^i^«^„*p 

Morp^otogi/.— Oval  cocci,  in  pairs  orin  chamsof  five  or  six  elements, 
often  wrrounSed  by  a  transparent  capsule;  not  to  be  distinguished  from 
Micrococcus  pneumoniae  crouposse.  ,  ^     ^        ,         .^^a 

Stains  with  the  usual  aniline  colors  and  by  Gram  s  method. 

Bioloaicca  Characters.— An  aerobic,  non-ltquefytng  micrococcus.  Grows 
in  theuSial  culture  media  at  the  room  temperature  (fficrcwopcuspneumoniae 
crouposaedoes  not  grow  at  the  room  temperature).  In  gelatin  stick  cuttiires 
very  small  colonies  are  developed  along  the  line  of  puncture  at  the  end  of 
twenty-four  to  twenty-eight  hours.  Upon  the  surfa^  of  agar  a,  rather 
scanty,  moist  layer  is  developed  along  the  impfstrich.  Upon  potato  a  ^m, 
scarcely  visible  layer  is  developed.  In  bouillon  the  development  is  abun- 
dant; tlie  culture  medium  acquires  a  very  acid  reaction  andgives  off  a  strong 
odor  like  that  of  perspiration.  .  .     ^,  .  . 

i\»*^k)gen«8W.— Pathogenic  for  mice,  gumea-pips,  and  rabbity  in  whicH 
animals  it  produces  fatal  septicaemia;  the  spleen  is  not  enlarged,  as  is  tne 
case  in  animals  inoculated  with  Micrococcus  pneumoniae  crouposae. 

37.   STREPTOCOCCUS  SEPTICUS  LIQUEFACIENS, 

Obtained  by  Babes  (1889)  from  the  blood  and  various  organs  of  a  child 
which  died  of  septicaemia  foQowing  scarlatina. 
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Morphology. — ^Micrococci,  about  0.3  to  0.4/4  in  diameter,  in  ps 
short  chains  in  which  tiie  elements  are  loosely  connected. 

Stains  with  the  usual  aniline  colors  and  by  G-ram^s  method. 

BiologiccU  Characters. — An  aJi^rdtnCy  liquefying  micrococcus.  ( 
the  usual  culture  media  at  the  room  temperature.  In  aelatin  stick 
at  the  end  of  twenty-four  hours  a  thin,  granular,  whitish  strine  is  S€ 
the  line  of  puncture,  while  the  surface  seems  somewhat  depress 
liquefaction  of  the  gelatin  occurs  in  funnel  form ;  the  liquefied  gela 
slightly  clouded,  and  upon  the  walls  of  the  funnel  peculiar,  flat,  wl 
shaped,  jagged  colonies  are  seen.  Upon  the  surface  of  agar,  at  36*  ( 
white,  tiiin,  shining,  transparent  colonies  are  developed,  which  mi 
a  diameter  of  two  to  three  millimetres.  Upon  blood  serum  a  scarce 
granular  layer  is  developed. 

Pathogenesis, — Subcutaneous  injections  in  mice  and  rabbits 
local  inflammation  with  oedema,  and  death  occurs  in  about  six  c 
streptococci  are  found  in  lar^  numbers  in  the  effused  serum,  in  tl 
and  in  the  spleen.  After  being  cultivated  for  some  time  in  artiflci 
the  cultures  lose  their  pathogenic  power. 

38.   MICROCOCCUS  OP  KIRCHNER. 

Obtained  by  Kirchner  (1890)  from  the  bronchial  secretions  (in  si 
patients  suffering  from  epidemic  influenza — ^soldiers  in  garrison  at  J 

Morphology. --Qpherical  cocci,  usually  associated  in  pairs,  and  su 
by  a  capsule.  Distinguished  from  Micrococcus  pneumoniae  croupo 
ing  smaller,  quite  spherical,  and  the  elements  in  a  pair  being  moi 
separated  from  each  other.  Found  in  the  bronchial  secretion  in 
pairs,  or  associated  in  groups;  occasionally  seen  in  chains. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method 

Biological  Chara/iters. — An  aerobic  micrococcus;  does  not  grov 
peptone-gelatin  at  the  room  temperature.  Upon  agar  plat^,  a 
small,  grayish-white,  transparent,  spherical  colonies  are  develope 
later  form  round,  grayish-white  plaques.  In  agar  stick  cultures 
dant  development  occurs  upon  the  surface,  extending  to  the  waJ 
test  tube ;  growth  also  occurs  along  the  line  of  puncture. 

Pathogenesis. — Not  pathogenic  for  rabbits  or  for  white  mice.  1 
pig  which  received  one  cubic  centimetre  of  a  bouillon  culture  in  th 
cavity  died  at  the  end  of  twenty -four  hours ;  the  spleen  was  not  i 
lungs  hyperaemic;  the  micrococci  were  found  in  the  blood  and  in 
ous  organs.  Another  guinea-pig,  which  received  one  cubic  centin 
bouillon  culture  in  the  cavity  of  the  abdomen,  recovered  after  a  slij 
position. 

39.   MICROCOCCUS  NO.    11.  OP  FISCHKL. 

Obtained  by  Fischel  (1891)  from  the  blood  of  two  cases  of  influe 

Morpholojgy, — Micrococci  of  from  1  to  1.25  u  in  diameter,  e 
pairs,  sometimes  in  chains. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method. 

Biological  Characters. — An  aerobic  and  factdtative  anaerobic 
ing  micrococcus.  Grows  in  the  usual  culture  media  at  the  room 
ture.  Upon  gelatin  plates  minute  colonies,  visible  only  under  tl 
scope,  are  developed  at  the  end  of  three  days.  In  gelatin  stick  cui 
abundant  milk-wnite  growth  occurs  along  the  line  of  puncture,  fi 
faction  of  the  gelatin  commences  at  the  end  of  four  days ;  this  p 
slowly.  Upon  a>gar  plates,  at  37'  C,  superficial  colonies  are  devc 
semblin  jf  a  dr-op  of  milk.  Upon  potato,  at  37°  C,  at  the  end  of  eigl 
thin,  shining  layer  of  a  yeilowish-white  color,  and  about  one  c< 
broad,  is  developed;  no  growth  upon  potato  at  the  room  temperat 
growth  occurs  in  liquid  blood  serum  or  in  milk.  In  sterilized  ^ 
micrococcus  is  said  by  Fischel  to  lose  its  vitality  in  eight  hours. 


Digitized  by  CjOOQIC 


NOT  DESCRIBED   IN  SECTIONS  IV.   AND   V.  325 

PoUJioffenesia, — ^Patho^nic  for  dogs  and  for  horses.  Intravenous  injec- 
tion of  three  to  four  cubic  centimetres  in  dogs  is  said  to  produce  symptoms 
resembling  those  of  distempei*  in  this  animal,  viz.,  increased  temperature, 
•catarrhal  conjunctivitis,  in  some  cases  keratitis,  and  in  some  a  mucous  dis- 
charge from  the  preputial  sac.  The  micrococcus  was  not  found  in  the  blood 
of  the  dogs  inoculated  by  intravenous  injection,  later  than  the  fourth  day. 

40.    STREPTOCOCCUS  OF  BONOME. 

Obtained  by  Bonome  (1890)  from  the  exudations  of  the  cerebro-spinal 
meDinges  and  from  hsBmorrha^ic  extravasations  in  the  lungs  in  cases  of 
epidemic  cerebro-spinal  meningitis. 

This  streptococcus  is  said  by  Bonome  to  be  distinsfuished  from  previously 
known  streptococci  by  the  following  characters:  It  does  not  grow  readily 
in  artificial  culture  media,  and  soon  loses  its  pathogenic  power  when  pre- 
served in  a  desiccated  condition  or  cultivated  through  a  few  successive  fene- 
rations. It  differs  from  the  '*pneumococcus''  and  '*  meningococcus^'  by 
the  ball-shaped  appearance  of  its  colonies  on  agar  plates,  and  in  the  fact 
that  it  does  not  grow  upon  blood  serum ;  also  by  the  difficulty  experienced 
in  carrying  it  through  nve  or  six  generations  in  artificial  media. 

Pathogenesis. — ^In  white  mice  and  in  rabbits  a  fibrinous  inflammation 
and  death  result  from  inoculations  with  a  pure  culture,  the  symptoms  re- 
sembling those  produced  by  similar  inoculations  with  Micrococcus  pneumo- 
niae crouposse.  It  does  not  produce  septicaemia  in  white  mice,  but  in  rabbits 
the  cocci  are  found  in  the  dIckkI  in  chains  surrounded  by  a  capsule.  In 
^uinea-piffs  and  dogs  a  local  fibrinous  inflammation  results  from  inocula- 
tions, ana  the  streptococcus  is  found  in  the  gelatinous  exudate  at  the  point  of 
inoculation.  It  is  distinguished  from  the  streptococcus  of  erysipelas  by  its 
failure  to  grow  in  gelatin  or  in  blood  serum,  and  by  the  appearance  of  its 
colonies  on  agar  plates. 

41.  MICROCOCCUS  OP  ALMQUIST. 

Obtained  by  Almquist  (1891)  from  the  bullae  of  pemphigus  neonatorum, 
in  nine  children  suffering  from  this  disease  during  an  epidemic  which  oc- 
curred at  Groteborff. 

Morphology. — liicrococci  from  0.5  to  1  >u  in  diameter,  usually  in  pairs. 

Stains  readily  with  the  aniline  colors. 

Biological  Characters,— An  aerobic,  liquefying,  chromogenic  micro- 
coccus. Closely  resembles  Staphylococcus  pyogenes  aureus  in  its  morpho- 
logy and  growth  in  culture  media.  Produces  a  similar  golden-yellow  pig- 
ment. 

Pathogenesis, — According  to  Almquist,  this  micrococcus  is  distinguished 
from  Staphylococcus  pyogenes  aureus  oy  its  specific  pathogenic  power.  Two 
inoculations  made  from  a  pure  culture,  bv  means  of  a  lancet,  unon  his  own 
arm  gave  rise  to  a  development  of  bullae  like  those  of  pemphigus.  The 
process  showed  no  disposition  to  extend  deeper,  but  the  epidermis  was  raised 
by  a  collection  of  fluid  which  was  at  first  transparent  and  later  had  a  milky 
opacity.  From  the  contents  of  these  bullae  the  same  coccus  was  obtained  in 
pure  cultures. 

42.  STAPHYLOCOCCUS  PYOSKPTICUS. 

Obtained  by  Hericourt  and  Richet  (1888)  from  an  abscess  in  the  skin  of  a 
dog. 

In  its  morphology  and  biological  characters  this  micrococcus  closely  re- 
sembles Staphylococcus  pyogenes  albus,  and  it  is  probably  a  pathogenic  va- 
riety of  this  common  species.  But  the  experiments  made  by  the  authors 
referred  to  show  it  to  be  decidedlv  more  pathogenic  for  rabbits.  Subcutane- 
otu  injections  of  a  drop  or  two  of  a  pure  culture  caused  an  extensive  inflam- 
matory Gddema,  and  death  in  from  twelve  to  twenty-four  hours. 
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43.   STREPTOCOCCUS  PBRNICIOSUS  P8ITTAC0RUM. 

Micrococcus  of  gray  parrot  disease.  Eberth  and  Wolff  have  des 
an  infectious  disease  of  gray  parrots,  which  is  said  to  be  extremely 
among  the  imported  birds.  The  disease  is  characterized  by  the  format 
nodules  upon  the  surface  and  in  the  interior  of  various  organs,  and  esp< 
in  the  liver.  Micrococci  of  medium  size  are  found  in  these  nodules  i 
blood  from  the  heart;  these  are  sometimes  in  chains.  Microscopic  exi 
tion  of  stained  sections  shows  that  these  cocci  are  directl  jt  related  to  t 
sue  necrosis  which  characterizes  the  disease.  But  the  nucrococcus  h 
been  cultivated  and  its  biological  characters  are  undetermined. 

44.   MICROCOCCUS  OP  FORBES. 

Forbes  (1886)  has  studied  an  infectious  disease  of  cabbage  catei 
(Pioris  rapse),  which  appears  to  be  due  to  a  micrococcus  found  by  1 
large  numbers  in  the  bodies  of  the  infected  larvae.  This  micrococcus, 
resembles  the  common  staphylococci  in  form,  was  cultivated  in  liquid 
and  successful  inoculation  experiments  were  made. 
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VII. 

THE  BACILLUS  OF  AITTHRAX. 
[F7\y  Charbon;    (?er.,  Milzbrand.] 

Anthrax  is  a  fatal  infectious  disease  which  prevails  extensively 
among  sheep  and  cattle  in  various  parts  of  the  worid,  causing  heavy 
losses.  In  Siberia  it  constitutes  a  veritable  scourge  and  is  known 
there  as  the  Siberian  plague ;  it  also  prevails  to  a  considerable  extent 
in  portions  of  France,  Hungary,  Gtermany,  Persia,  and  India,  and 
local  epidemics  have  occasionally  occurred  in  England,  where  it  is 
known  under  the  name  of  splenic  fever.  It  does  not  prevail  in  the 
United  States.  In  infected  districts  the  greatest  losses  are  incurred 
during  the  summer  season* 

In  man  accidental  inoculation  may  occur  among  those  who  come 
in  contact  with  infected  animals,  and  especially  during  the  removal  of 
the  skin  and  cuttingup  of  dead  animals,  when  there  is  any  cut  or 
abrasion  upon  the  hands.  A  malignant  pustule  is  developed  as  the 
result  of  such  inoculation,  but,  as  a  rule,  general  infection  does 
not  occur,  as  is  the  case  when  inoculations  are  made  into  the  more 
susceptible  lower  animals — ^rabbit,  guinea-pig,  mouse.  Those  who 
handle  the  hair,  hides,  or  wool  of  infected  animals  are  also  liable  to 
contract  the  disease  by  inoculation  through  open  wounds,  or  by  the 
inhalation  of  dust  containing  spores  of  the  anthrax  bacillus.  Cases 
of  pulmonic  anthrax,  known  formerly  in  England  as  "  wool-sorters' 
disease,"  have  been  occasionally  observed  in  England  and  in  Ger- 
many, and  are  now  recognized  as  being  due  to  infection  through  the 
lungs  in  the  manner  indicated. 

The  French  physician  Davaine,  who  had  observed  the  anthrax 
barillus  in  the  blood  of  infected  animals  in  1850,  communicated  to 
the  French  Academy  of  Sciences  the  results  of  his  inoculation  experi- 
ments in  1863  and  18G4,  and  asserted  the  etiological  relation  of  the 
bacillus  to  the  disease  with  which  his  investigations  showed  it  to  be 
constantly  associated.  This  conclusion  was  vigorously  contested  by 
conservative  opponents,  but  has  been  fully  established  by  subsequent 
investigations,  which  show  that  the  bacillus,  in  pure  cultures,  induces 
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anthrax  in  susceptible  animals  as  certainly  as  does  the  bloo 
animal  recently  dead  from  the  disease. 

Owing  to  the  fact  that  this  was  the  first  pathogenic  bacil 
tivated  in  artificial  media,  and  to  the  facility  with  which  it  g 
various  media,  it  has  served  more  than  any  other  microorgai 
researches  relating  to  a  variety  of  questions  in  pathology, 
biology,  and  public  hygiene,  some  of  which  are  discussed  i 
sections  of  this  volume. 

45.      BACILLUS  AXTHRACIS. 

Synonyms. — Milzbrandbacillus,  Ger,;  Bacteridie  du  charl 

First  observed  in  the  blood  of  infected  animals  by  Pollend^ 

and  by  Davaine  (1850).     Etiological  relation  affirmed  by  ; 
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Fig.  100.— Bacillus  anthracis,  from  a  culture,  showing  development  of  long  thread 
luted  bundles,    x  800.    (Klein.) 

(1863),  and  established  by  the  inoculation  of  pure  cultures  by 
(1879)  and  by  many  other  investigators. 

Morphology, — Rod-shaped  bacteria  having  a  breadth 
1.25  /i,  and  5  to  20  ;i  in  length;  or,  in  suitable  culture  media,  ^ 
out  into  long,  flexible  filaments,  which  are  frequently  w 
twisted,  cord-like  bundles.  These  filaments  in  hanging-di 
tures,  before  the  development  of  spores,  appear  to  be  homog 
or  the  protoplasm  is  clouded  and  granular,  but  without  distil 
mentation.  But  in  stained  preparations  the  filaments  are  see 
made  up  of  a  series  of  rectangular,  deeply  stained  segmei 
hanging-drop  cultures  the  ends  of  the  rods  appear  ruimded 
stained  preparations  from  the  blood  of  an  infected  animal  t 
seen  to  present  a  slight  concavity,  and  a  lenticular  inten 
formed  where  two  rods  come  together.     The  diameter  of  t 
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varies  considerably  in  different  culture  media ;  and  in  old  cultures 
irregular  forms  are  frequently  seen — "  involution  forms." 

Under  favorable  conditions  endogenous  spores  are  developed  in 
the  long  filaments  which  grow  out  in  artificial  culture  media. 
These  first  appear  as  refractive  granules  distributed  at  regular  inter- 
vals in  the  segments  of  the  protoplasm,  which  gradually  disappear 
as  the  spores  are  developed ;  and  these  are  left  as  oval,  highly  re- 
fractive bodies,  held  together  in  a  linear  series  by  the  cellular  enve- 
lope, and  subsequently  set  free  by  its  dissolution.  The  germination 
of  these  reproductive  bodies  results  in  the  formation  of  rods  and 
spore-bearing  filaments  like  those  heretofore  described.  In  this  pro- 
cess the  spore  is  first  observed  to 
lose  its  brilliancy,  from  the  ab- 
sorption of  moisture,  a  promi- 
nence occurs  at  one  end  of  the 
oval  body,  and  soon  the  external 
envelope — exosporium — ^is  rup- 
tured, permitting  the  softened 
protoplasmic  contents  enclosed 
in  the  internal  spore  membrane 
— endosporium— to  escape  as  a 
short  rod,  to  which  the  empty 
exosporium  sometimes  remains 
attached. 

The  anthrax  bacillus  stains 
readily  with  the  aniline  colors 
and  also  by  Gram's  method, 
when  not  left  too  long  in  the 
decolorizing  iodine  solution. 
Loffler's  solution  of  methylene 

blue  is  an  especially  good  stain-  ^^^^oiwing  f  onnauon  of  spores, 
mg  fluid  for  this  as  well  as  for  many  other  bacilli.  Bismarck  brown 
is  well  adapted  for  specimens  which  are  to  be  photographed,  and  also 
for  permanent  preparations,  as  it  is  less  liable  to  fade  than  the  blue 
and  some  other  aniline  colors. 

Biological  Characters. — The  anthrax  bacillus  is  aerobic,  but 
not  strictly  so,  as  is  shown  by  the  fact  that  it  grows  to  the  bottom  of 
the  line  of  pimcture  in  stick  cultures  in  solid  media.  It  is  non-mO' 
tile,  and  is  distinguished  by  this  character  from  certain  common 
badUi  resembling  it  in  morphology— Bacillus  subtilis— which  were 
frequently  confounded  with  it  in  the  earlier  days  of  bacteriological 
investigation. 

The  anthrax  bacillus  grows  in  a  variety  of  nutrient  media  at  a 
25 


Fxo.  101.— BaciUos  anthracis,  from  a  culture, 
X  1,000.    (Klein.) 
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temperature  of  20"^  to  38°  C.     Development  ceases  at  temp 
below  12°  C.  or  above  45°  C. 

This  bacillus  grows  best  in  neutral  or  slightly  alkaline  me 
its  development  is  arrested  by  a  decidedly  acid  reaction  of 
ture  medium.     It  may  be  cultivated  in  infusions  of  flesh  or 
ous  vegetables,  in  diluted  urine,  in  milk,  etc. 

In  gelatin  plate  cultures  small,  white,  opaque  colonies  ai 
oped  in  from  twenty-four  to  thirty-six  hours,  which  under  th 
scope  are  seen  to  be  somewhat  irregular  in  outline  and  of  a  \ 
tint ;  later  the  colonies  spread  out  upon  the  surface  of  the 
and  the  darker  central  portion  is  surrounded  by  a  brownish 
wavy  filaments,  which  are  associated  in  tangled  bundles,     3 

like  outgrowths  from  the  perij 
the  colony  may  often  be  seen  ei 
into  the  surrounding  gelatin, 
end  of  two  or  three  days  liquefy 
the  gelatin  commences,  and  th 
is  soon  surrounded  by  the  lique 
dium,  upon  the  surface  of  which 
as  an  irregular  white  peUicle. 
tin  stick  cultures  growth  oc 
along  the  Une  of  puncture  as  a  wl 
tral  thread,  from  which  lateral 
like  ramifications  extend  into  the 
medium.  At  the  end  of  two  < 
days  hquef action  of  the  culture : 
commences  near  the  surface,  wl 
development  has  been  most  ab 
At  first  a  pasty,  white  mass  is 
but  as  liquefaction  progresses  tl 
part  of  the  liquefied  gelatin  1 
transparent  from  the  subsidenc 
motionless  bacilli,  and  these  i 
upon  the  surface  of  the  non-1 
portion  of  the  medium  in  the 
cloudy,  white  masses,  while  below  the  line  of  liquefaction  the 
teristic  branching  growth  may  still  be  seen  along  the  hneof  pi 
In  agar  plate  cultures,  in  the  incubating  oven  at  35°  tc 
colonies  are  developed  within  twentj'-four  hours,  which  ur 
microscope  are  seen  to  be  made  up  of  interlaced  filaments 
very  characteristic  and  beautiful.  Upon  the  surface  of  nutri( 
a  grapsh-white  layer  is  formed,  which  may  be  removed  in  rib 
strips  ;  and  in  stick  cultures  in  this  medium  a  branching  gi 
seen,  like  that  in  gelatin,  but  without  liquefaction.     The  ad( 


Fia.  10-2.— Culture  of  Bacillus  an- 
thracis  in  nutrient  firelatin  :  a,  end 
of  four  days ;  b,  end  of  eight  days. 
(Baumgarten.) 
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a  small  quantity  of  agar  to  a  gelatin  medium  prevents  liquefaction 
of  the  gelatin  (Flugge). 

Upon  blood  serum  a  rather  thick,  white  layer  is  formed  and 
liquefaction  slowly  occurs. 

Upon  potato  the  growth  is  abimdant  as  a  rather  dry,  grayish- 
white  layer,  of  limited  extent,  having  a  somewhat  rough  surface  and 
irregular  margins. 

Spores  are  formed  only  in  the  free  presence  of  oxygen,  as  in  sur- 
face cultures  upon  potato  or  nutrient  agar,  or  in  shallow  cultures  in 
liquid  media,  and  at  a  temperature  of  20°  to  35°  C.  They  are  not 
formed  during  the  development  of  the  bacilli  in  the  bodies  of  living 


V 

4 
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F».  108.— Colonies  of  Bacillus  anthracis  upon  gelatin  plates :  a,  at  end  of  twenty-four  hours; 
6,  »t  end  of  forty-eight  hours,    x  80.    (flfigge.) 

animals,  but  after  the  death  of  the  animal  the  bacillus  continues  to 
multiply  for  a  time,  and  spores  may  be  formed  where  the  fluids 
containing  it  come  in  contact  with  the  air — as,  for  example,  in 
bloody  discharges  from  the  nostrils  or  from  the  bowels  of  the  dead 
animal. 

Varieties  incapable  of  spore  production  have  been  produced  arti- 
ficially, by  several  bacteriologists,  by  cultivating  the  bacillus  under 
unfavorable  conditions.  Roux  was  able  to  produce  a  sporeless  va- 
riety by  successive  cultivation  in  media  containing  a  small  quantity 
of  carboUc  acid— 1  : 1,000. 

Varieties  differing  in  their  pathogenic  power  may  also  be  pro- 
^lueed  by  cultivation  under  unfavorable  conditions.     Thus  Pasteur 
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produced  an  '^  attenuated  virus"  by  keeping  his  cultures  for 
siderable  time  before  replanting  them  upon  fresh  soil,  and  si 
the  eflfect  was  due  to  the  action  of  atmospheric  oxygen.  li 
probable  that  it  was  rather  due  to  the  deleterious  action  of 
products  of  growth  present  in  the  culture  media.  It  he 
shown  by  Chamberlain  and  Roux  that  cultivation  in  the  p 
of  certain  chemical  substances  added  to  the  culture  mediun 
bichromate  of  potassium  0.01  per  cent — causes  an  attenua 
\Hirulence.  The  same  result  occurs  when  cultures  are  subject 
temperature  a  little  below  that  which  is  fatal  to  the  bacillus- 
for  eighteen  minutes  (Chauveau);  42.5°  C.  for  two  or  thre( 
(Koch).  Attenuation  of  patiiogenic  virulence  is  also  effected 
tivation  in  the  body  of  a  non-susceptible  animal,  like  the  fr< 
barsch,  Petruschky);  or  in  the  blood  of  a  rat  (Behring);  by  e: 
to  sunhght  (Arloing);  and  by  compressed  air  (Chauveau). 

Anthrax  spores  may  be  preserved  in  a  desiccated  condii 
years  without  losing  their  vitaUty  or  pathogenic  virulence  w 
oculated  into  susceptible  animals.  They  also  resist  a  compai 
high  temperature.  Thus  Koch  and  Wolffhiigel  found  that  dr^ 
exposed  in  dry  air  required  a  temperature  of  140°  C,  maintai 
three  hours,  to  insure  their  destruction.  But  spores  suspend^ 
liquid  are  destroyed  in  four  minutes  by  the  boiling  temp^ 
100°  C.  (writer's  determination). 

The  bacilli,  in  the  absence  of  spores,  according  to  Chauve 
destroyed  in  ten  minutes  by  a  temperature  of  54°  C. 

For  the  action  of  various  antiseptic  and  germicidal  agent 
this  bacillus  we  must  refer  to  the  sections  especially  devoted 
subject  (Part  Second). 

Toussaint,  by  injecting  filtered  anthrax  blood  into  animals,  o 
e\ndence  that  it  contained  some  toxic  substance  which  in  his 
ments  gave  rise  to  local  inflammation  without  any  noticeable 
s}Tnptoms.  More  recent  investigations  show  that  a  poisonoi 
minous  substance  (Hankin)  is  formed  during  the  growth  of 
thrax  bacillus,  and  that  cultures  containing  this  toxalbumi 
which  the  bacilU  have  been  removed  by  filtration  through  po 
produce  immimity  when  injected  into  susceptible  animals,  sir 
that  resulting  from  inoculations  with  an  attenuated  virus 
probable  that  the  pathogenic  power  of  the  anthrax  bacillus  ( 
largely  upon  the  presence  of  this  toxalbumin,  and  that  the  e 
difference  between  virulent  and  attenuated  varieties  depen( 
the  more  abundant  production  of  this  toxic  substance  by  the 
It  has  also  been  shown  that  virulent  cultures  produce  a  large 
tity  of  acid  than  those  which  have  been  attenuated  by  an; 
agencies  above  mentioned  (Behring). 
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Martin  (1890)  has  studied  the  chemical  products  in  filtered  cul- 
tures of  the  anthrax  bacillus  and  obtained  the  following  results: 

1.  Protoalbumose,  deuteroalbumose,  and  a  trace  of  peptone.  The 
mixed  albumoses  were  found  not  to  be  poisonous  except  in  consider- 
able doses — 0.3  gramme  injected  subcutaneously  killed  a  mouse 
weighing  twenty-two  grammes;  smaller  doses  produced  a  local 
oedema.  A  fatal  dose  caused  extensive  oedema,  coma,  and  death  in 
twenty-four  hours;  the  spleen  was  sometimes  enlarged.  Boiling 
neutralizes  to  a  considerable  extent  the  toxic  power. 

2.  An  alkaloid,  soluble  in  water  and  in  alcohol,  but  insoluble  in 
benzol,  chloroform,  or  ether.  The  solutions  have  a  strongly  alkaline 
reaction,  and  crystalline  salts  are  formed  with  various  acids.  This 
alkaloid  is  somewhat  volatile,  and  when  exposed  to  Ught  loses  to  a 
considerable  extent  its  toxic  properties.  It  produces  symptoms  simi- 
lar to  those  resulting  from  inoculations  with  the  albumoses,  but  is 
more  toxic  and  more  prompt  in  its  action.  /  The  animal  quickly  falls 
into  a  state  of  coma ;  there  is  extensive  oedema  about  the  point  of 
inoculation,  and  the  spleen  is  usually  enlarged.  The  fatal  dose  for  a 
mouse  weighing  twenty- two  grammes  is  from  0.1  to  0.15  gramme ; 
death  occurs  within  two  or  three  hours. 

3.  In  addition  to  these  toxic  substances  small  quantities  of  leucin 
and  of  tyrosin  were  found  in  the  filtered  cultures. 

Recently  (1892)  Petermann  has  made  a  series  of  experiments  with 
filtered  cultures  of  the  anthrax  bacillus  which  lead  him  to  the  con- 
clusion that  "  large  quantities  of  a  culture  in  serum  from  the  ox,  fil- 
tered through  porcelain,  injected  into  the  veins  of  a  susceptible 
animal,  have  a  preventive  action  ;  but  the  immunity  thus  conferred 
is  transitory,  not  lasting  longer  than  a  month  or  two." 

Pathogenesis. — The  anthrax  bacillus  is  pathogenic  for  cattle, 
sheep,  horses,  rabbits,  guinea-pigs,  and  mice.  White  rats,  dogs,  and 
frogs  are  immune,  as  is  also  the  Algerian  race  of  sheep.  The  spar- 
row is  susceptible  to  general  infection,  but  chickens,  under  normal 
conditions,  are  not.  Young  animals  are,  as  a  rule,  more  susceptible 
than  adults  of  the  same  species.  Man  does  not  belong  among  the 
most  susceptible  animals,  but  is  subject  to  local  infection  as  a  result 
of  accidental  inoculation — ^malignant  pustule — and  to  pulmonic  an- 
thrax from  breathing  air,  containing  spores  of  the  anthrax  bacillus, 
during  the  Borting  of  wool  or  hair  from  infected  animals.  In  animals 
which  have  a  partial  immunity,  natural  or  acquired,  as  a  result  of 
inoculations  with  attenuated  virus,  the  subcutaneous  introduction  of 
virulent  cultures  may  give  rise  to  a  Umited  local  inflammatory  pro- 
cess, with  eflPusion  of  bloody  serum  in  wliich  the  bacillus  is  found  in 
considerable  numbers ;  but  the  blood  is  not  invaded,  and  the  animal, 
after  some  slight  symptoms  of  indisposition,  recovers.     In  susceptible 
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animals  injections  beneath  the  skin  or  into  a  vein  give  rise  to  genenil 
infection,  and  the  bacilli  multiply  rapidly  in  the  circulating  fluid. 
Death  occurs  in  mice  within  twenty-four  hours,  and  in  rabbits,  as  a 
rule,  in  less  than  forty-eight  hours.  The  blood  of  the  heart  and 
large  vessels  may  be  found,  in  an  autopsy  made  immediately  after 
death,  to  contain  comparatively  few  baciUi ;  but  in  the  capillaries  of 
the  various  organs,  and  especially  in  the  greatly  enlarged  spleen,  in 
the  liver,  the  kidneys,  and  the  lungs,  they  will  be  found  in  gre^t 
numbers,  and  well-stained  sections  of  these  organs  will  give  an  as- 
tonishing picture  under  the  microscope,  which  the  student  should  not 
fail  to  see  in  preparations  made  by  himself.  The  capillaries  in  man y 
places  will  be  found  stuffed  full  of  bacilli  ;  or  they  may  even  be  rup- 
tured as  a  result  of  the  distention,  and  the  baciUi,  together  with 


escaped  blood  corpuscles,  will  be  seen  in  the  surrounding  tissues.  In 
the  kidneys  the  glomeruli,  especially,  appear  as  if  injected  with  col- 
ored threads,  and  by  rupture  these  may  find  their  way  into  the  urini- 
ferous  tubules. 

These  appearances  and  the  general  symptoms  indicate  that  the 
disease  produced  by  the  introduction  of  this  bacillus  into  the  bodies  of 
susceptible  animals  is  a  genuine  septicaemia.  As  in  other  forms  of 
sopticsBmia,  the  spleen  is  found  to  be  greatly  enlarged  ;  it  has  a  dark 
color  and  is  soft  and  friable.  With  this  exception  the  organs  pre- 
sent no  notable  changes,  although  the  liver  is  apt  to  be  somewhat 
enlarged.  In  the  guinea-pig  an  extensive  inflanunatory  cBdema,  ex- 
tending from  the  point  of  inoculation  to  the  most  dependent  parts  of 
the  body,  is  developed ;  the  subcutaneous  connective  tissue  is  infil- 
trated with  bloody  serum  and  has  a  gelatinous  appearance.  This 
animal  comes  next  to  the  mouse  in  susceptibiUty,  and  cultures  which 
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are  attenuated  to  such  an  extent  that  they  will  not  kill  a  rabbit  or  a 
sheep  may  still  kill  a  guinea-pig  ;  or,  if  not,  may  kill  a  mouse.  Pasteur 
has  shown  that  the  pathogenic  power  of  the  bacillus  may  be  reestab- 
lished by  inoculations  into  susceptible  animals,  and  that  an  attenu- 
ated culture  which  will  not  kill  an  adult  guinea-pig  may  be  fatal  to 
a  very  young  animal  of  this  species,  and  that  cultures  from  the  blood 
of  this  will  have  an  increased  pathogenic  virulence. 

Very  minute  quantities  of  a  virulent  culture  are  infallibly  fatal  to 
these  most  susceptible  animals,  but  for  rabbits  and  other  less  sus- 
ceptible animals  the  quantity  injected  influences  the  result,  and  re- 
covery may  occur  after  subcutaneous  or  intravenous  injection  of  a 
very  small  nimiber  of  bacilli. 


Fia.  106.— Bacillus  anthraciB  in  kidney  of  rabbit,    x  400.    (BauniKarten.) 

Infection  in  cattle  and  sheep  commonly  results  from  the  ingestion 
of  spores  while  grazing  in  infected  pastures.  The  bacillus  itself,  in 
the  absence  of  spores,  is  destroyed  in  the  stomach.  While  spores  are 
not  formed  in  the  bodies  of  living  animals,  their  discharges  contain 
the  bacillus,  and  this  is  able  to  multiply  in  them  and  to  form  spores 
upon  the  surface  of  the  groimd  when  temperature  conditions  are 
favorable.  It  is  probable  that  this  is  the  usual  way  in  which  pastures 
become  infected,  and  that  the  bloody  discharges  from  the  bladder 
and  bowels  of  animals  suflfering  from  the  disease  furnish  a  nidus  for 
the  external  development  of  these  reproductive  elements  ;  as  also  do 
the  fluids  escaping  from  the  bodies  of  dead  animals.  And  possibly, 
under  specially  favorable  conditions,  the  bacillus  may  lead  a  sapro- 
phytic existence  for  a  considerable  time  in  the  superficial  layers  of  the 
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Buchner  has  shown  by  experiment  that  mf ection  in  anin 
result  from  respiring  air  in  which  anthrax  spores  are  in  sij 
in  the  form  of  dust ;  and  in  man  this  mode  of  infection  occr 
so-called  wool-sorters'  disease. 

The  question  of  the  passage  of  the  anthrax  bacillus  i 
mother  to  the  foetus  in  pregnant  females  has  received  com 
attention.  That  this  may  occur  is  now  generally  admitted, 
pears  to  be  estabhshed  by  the  investigations  of  Strauss  and  C 
lain,  Morisani,  and  others.  That  it  does  not  always  occur  i 
however,  by  the  researches  of  other  bacteriologists,  and  espe 
those  of  Wolff. 
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f 

Recent  researches  support  the  view  that  the  bacillus  described 
by  Eberth  in  1880  bears  an  etiological  relation  to  typhoid  fever — 
typhus  (xbdominalis  of  Gferman  authors ;  and  pathologists  are  dis- 
posed to  accept  this  bacillus  as  the  veritable  *'germ'*  of  typhoid 
fever,  notwithstanding  the  fact  that  the  final  proof  that  such  is  the 
case  is  still  wanting. 

This  final  proof  would  consist  in  the  production  in  man  or  in  one 
of  the  lower  animals  of  the  specific  morbid  phenomena  which  char- 
acterize the  disease  in  question,  by  the  ii^roduction  of  pure  cultures 
of  the  bacilluB  into  the  body  of  a  healthy  individual.  Evidently  it  is 
imprsLcticable  to  make  the  test  upon  man,  and  thus  far  we  have  no 
satisfactory  evidence  that  any  one  of  the  lower  animals  is  subject  to 
the  disease  as  it  manifests  itself  in  man.  The  experiments  of 
Fiinkel  and  Simmonds  show,  however,  that  this  bacillus  is  patho- 
genic for  the  mouse  and  the  rabbit.  We  shall  refer  to  the  experi- 
ments of  these  authors  later. 

Before  the  publication  of  Eberth's  first  paper  Eoch  had  observed 
this  bacillus  in  sections  made  from  the  spleen  and  liver  of  t3rphoid 
cades,  and  had  made  photomicrographs  from  these  sections.  His 
name  is,  theref ore,  frequently  associated  with  that  of  Eberth  as  one 
of  the  discoverers  of  the  typhoid  bacillus.  Other  investigators  had  no 
doubt  previously  observed  the  same  organism,  but  some  of  them  had 
improperly  described  it  as  a  micrococcus.  Such  a  mistake  is  ea.sily 
made  when  the  examination  is  made  with  a  low  power ;  even  with  a 
moderately  high  power  the  closely  crowded  colonies  look  like  masses 
of  micrococci,  and  it  is  only  by  focussing  carefully  upon  the  scattered 
organisms  on  the  outer  margin  of  a  colony  that  the  oval  or  rod-like 
form  can  be  recognized. 

Several  observers  had  noted  the  presence  of  microorganisms  in 
the  lesions  of  typhoid  fever  prior  to  the  pubUcation  of  Eberth 's  pa- 
per, and  Browicz  in  1875,  and  Fischel  in  1878,  had  recognized  the 
presence  of  oval  organisms  in  the  spleen  which  were  probably  identi- 
cal with  the  bacillus  of  Eberth. 

The  researches  of  QaflFky  (1884)  strongly  support  the  view  that 
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the  bacillus  under  consideration  bears  a  causal  relation  to 
fever.  Eberth  was  only  successful  in  finding  the  bacillu 
lymphatic  glands  or  in  the  spleen  in  eighteen  cases  out  of 
which  he  searched  for  it.  On  the  other  hand,  he  failed  to  fi 
eleven  cases  of  various  nature — partly  infectious  processes- 
thirteen  cases  of  tuberculosis  in  which  the  lymphatic  glan 
involved,  and  in  several  of  which  there  was  ulceration  of  the 
membrane  of  the  intestine. 

Koch,  independently  of  Eberth  and  before  the  publicatioi 
Qxst  paper,  had  found  the  same  bacillus  in  about  half  of  tl 
examined  by  him,  and  had  pointed  out  the  fact  that  they  ^ 
cated  in  the  deeper  parts  of  the  intestinal  mucous  membrane, 
the  limits  of  necrotic  changes,  and  also  in  the  spleen,  whei 
long,  slender  bacillus  of  Klebs  was  found  only  in  the  necroi 
tions  of  the  intestinal  mucous  membrane. 

The  researches  of  W,  Meyer  (1881)  gave  a  larger  propo: 
successful  results.  This  author  confined  his  attention  chiefly 
swollen  plaques  of  Peyer  and  follicles  of  the  intestine  which 
yet  undergone  ulceration.  The  short  bacillus  which  had  l 
scribed  by  Eberth  and  Koch  was  found  in  sixteen  out  of  twen 
examined.  The  observations  of  this  author  are  in  accord  wil 
of  Eberth  as  to  the  presence  of  the  bacillus  in  greater  abund 
cases  of  typhoid  which  had  proved  fatal  at  an  early  date. 

The  fact  that  in  these  earlier  researches  the  bacilU  were  nc 
in  a  considerable  proportion  of  the  cases  examined  is  by  nc 
fatal  to  the  view  that  they  bear  an  etiological  relation  to  the 
As  Gaflfky  says  in  his  paper  referred  to : 

^'  This  circumstance  admits  of  two  explanations.  Either  i 
cases  in  which  the  bacillus  has  been  sought  with  negative 
they  may  have  perished  collectively,  before  the  disease  proces 
thev  had  induced  had  run  its  course ;  or  the  proof  of  the  pres 
bacilli  was  wanting  only  on  account  of  the  technical  difficultie 
attend  the  finding  of  isolated  colonies." 

Gaflfky 's  own  researches  indicate  that  the  latter  explanatio 
correct  one. 

In  twenty-eight  cases  examined  by  this  author  chara^ 
colonies  of  the  bacillus  were  found  in  all  but  two.  In  one  oi 
one  hundred  and  forty-six  sections  from  the  spleen,  Uver,  a 
neys  were  examined  without  finding  a  single  colony,  and  in  tl 
a  like  result  attended  the  examination  of  sixty-two  sections  f: 
spleen  and  twenty-one  sections  from  the  Uver.  In  the  first  c 
cases,  however,  numerous  colonies  were  found  in  recent  ulcer 
intestinal  mucous  membrane,  deeply  located  in  that  portior 
tissue  which  was  still  intact.     These  recent  ulcers  were  in  th( 
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borhood  of  old  ulcers  and  are  supposed  to  have  indicated  a  relapse 
of  the  specific  process.  In  the  second  case  the  negative  result  is 
thought  by  Gaffky  to  have  been  not  at  all  surprising,  as  the  patient 
died  at  the  end  of  the  fourth  week  of  sickness,  not  directly  from  the 
typhoid  process,  but  as  a  result  of  perforation  of  the  intestine. 

Gaffky  has  further  shown  that  in  those  cases  in  which  colonies 
are  not  found  in  the  spleen,  or  in  which  they  are  extremely  rare,  the 
presence  of  the  bacillus  may  be  demonstrated  by  cultivation ;  and 
that,  when  proper  precautions  are  taken,  pure  cultures  of  the  bacil- 
lus may  always  be  obtained  from  the  spleen  of  a  typhoid  case. 
Hein  has  been  able  to  demonstrate  the  presence  of  the  bacillus  and 
to  start  pure  cultures  from  material  drawn  from  the  spleen  of  a  living 
patient  by  means  of  a  hypodermatic  syringe.  Philopowicz  has  re- 
ported his  success  in  obtaining  cultures  of  the  bacillus  by  the  same 
method. 

The  fact  that  a  failure  to  demonstrate  the  presence  of  microor- 
ganisms by  a  microscopic  examination  cannot  be  taken  as  proof  of 
their  absence  from  an  organ,  is  well  illustrated  by  a  case  (No.  18)  in 
which  the  bacillus  was  obtained  by  Gaffky  from  the  spleen  and  also 
from  the  liver,  in  pure  cultures  ;  whereas  in  cover-glass  preparations 
made  from  the  same  spleen  he  failed  to  find  a  single  rod,  and  more 
than  one  hundred  sections  of  the  spleen  were  examined  before  he 
found  a  colony. 

To  obtain  pure  cultures  from  the  spleen  Gaffky  first  carefully 
washes  the  organ  with  a  solution  of  mercuric  chloride,  1 : 1,000.  A 
long  incision  is  then  made  through  the  capsule  with  a  knife  sterilized 
by  heat.  A  second  incision  is  made  in  this  with  a  second  sterilized 
knife,  and  a  third  knife  is  used  to  make  a  still  deeper  incision  in  the 
same  track.  By  this  means  the  danger  of  conveying  organisms  from 
the  surface  to  the  interior  of  the  organ  is  avoided.  From  the  bottom 
of  this  incision  a  little  of  the  soft  splenic  tissue  is  taken  up  on  a  ster- 
ilized platinum  needle,  and  this  is  plunged  into  the  solid  culture 
medium,  or  drawn  along  the  surface  of  the  same,  or  added  to  lique- 
fied gelatin  and  poured  upon  a  glass  plate.  The  colonies  develop,  in 
an  incubating  oven,  in  the  course  of  twenty-four  to  forty-eight  hours. 

Gkiffky  has  also  shown  that  the  bacillus  is  present  in  the  Uver,  in 
the  mesenteric  glands,  and,  in  a  certain  proportion  of  cases  at  least, 
in  the  kidneys,  in  which  it  was  f  oimd  in  three  cases  out  of  seven. 

The  appearance  of  the  colonies  in  stained  sections  of  the  spleen 
is  shown  in  Figs.  106  and  107.  Two  colonies  are  seen  in  Fig.  106 
(at  a,  o)  as  they  appear  imder  a  low  power — about  sixty  diameters. 
In  Fig.  107  one  of  the  colonies  is  seen  more  highly  magnified — ^about 
five  hundred  diameters. 

PrSnkel  and  Simmonds  have  demonstrated  that  the  bacilli  multi- 
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ply  in  the  spleen  after  death,  and  that  numerous  colonies  n 
found  in  portions  of  the  organ  which  have  been  kept  for  t^ 
four  to  forty-eight  hours  before  they  were  placed  in  alcohol, 
other  pieces  from  the  same  spleen  placed  in  alcohol  soon  afi 
death  of  the  patient  show  but  few  colonies  or  none  at  all. 

This  observation  does  not  in  any  way  weaken  the  evidence 
the  etiological  role  of  the  bacillus,  but  simply  shows  that  dea 
mal  matter  is  a  suitable  nidus  for  the  typhoid  g^rm — a  fact 
has  been  repeatedly  demonstrated  by  epidemiologists  and  ii 
upon  by  sanitarians. 

The  authors  last  referred  to  confirm  GaflFky  as  regards  tt 
stant  presence  of  the  bacillus  in  the  spleen.  In  twenty-nine 
they  obtained  it  by  plate  cultures  twenty-five  times,  and  r 
that  in  the  four  cases  attended  with  a  negative  result  this  re 


m 


Fio.  106. 


Fig.  107. 


not  at  all  surprising,  inasmuch  as  the  typhoid  process  had 
nated  and  death  resulted  from  compUcations. 

GafFky  did  not  succeed  in  obtaining  cultures  from  the  bl 
typhoid-fever  patients,  and  concludes  from  his  researches  that 
bacilli  are  present  in  the  circulating  fluid  it  must  be  in  very 
numbers.  He  remarks  that  possibly  the  result  would  be  diffe: 
the  blood  were  drawn  directly  from  a  vein  instead  of  from  the 
laries  of  the  skin.  Frankel  and  Simmonds  also  report  that  gi 
to  which  blood  drawn  from  the  forefinger  of  typical  cases  hac 
added,  remained  sterile  when  poured  upon  plates  in  the  usual 
ner — Koch's  method.  The  blood  was  obtained  from  six  diflferc 
dividuals,  all  in  an  early  stage  of  the  disc  se— the  second 
third  week.  A  similar  experiment  made  with  blood  obtainec 
mortem,  from  the  large  veins  or  from  the  heart,  also  gave  a  ncj 
result  in  every  instance  save  one.     In  the  exceptional  case  a 
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colony  developed  upon  the  plate.  In  view  of  these  results  we  are 
inclined  to  attribute  the  successful  attempts  reported  by  some  of  the 
earlier  experimenters  (Letzerich,  Almquist,  Maragliano)  to  accidental 
contamination  and  imperfect  methods  of  research.  The  more  recent 
work  of  Tayon  does  not  inspire  any  greater  confidence.  This  author 
obtained  cultures  in  bouillon  by  inoculating  it  with  blood  drawn 
from  a  typhoid  patient,  and  found  that  these  were  fatal,  in  a  few 
hours,  to  guinea-pigs,  when  injected  into  the  peritoneal  cavity.  The 
lesions  observed  are  said  to  have  resembled  those  of  typhoid  fever — 
congestion  and  tumefaction  of  Peyer's  plaques  and  of  the  mesenteric 
glands,  congestion  of  the  liver,  the  kidneys,  etc. 

The  presence  of  the  bacillus  of  Eberth  in  the  alvine  evacuations  of 
typhoid  patients  has  been  demonstrated  by  Pfeiffer  and  by  Frankel 
and  Simmonds.  This  demonstration  is  evidently  not  an  easy  mat- 
ter, for  while  the  bacilli  are  probably  always  present  in  some  portion 
of  the  intestine  during  the  progress  of  the  disease,  it  does  not  follow 
that  they  are  present  in  every  portion  of  the  intestinal  contents.  As 
onl/a  very  small  amount  of  material  is  used  in  making  plate  cul- 
tures, and  as  there  are  at  all  times  a  multitude  of  bacteria  of  various 
species  in  the  smallest  portion  of  faecal  matter,  it  is  not  to  be  ex- 
pected that  the  typhoid  bacillus  will  be  found  upon  every  plate. 
Frankel  and  Simmonds  made  eleven  attempts  to  obtain  the  bacillus 
by  the  plate  method,  using  three  plates  each  time,  as  is  customary 
with  those  who  adhere  strictly  to  the  directions  of  the  master,  and 
were  successful  in  obtaining  the  bacillus  in  three  instances — ^in  two 
in  great  numbers  and  in  the  third  in  a  very  limited  number  of  colo- 
nies. 

The  numerous  attempts  which  have  been  made  to  conununicate 
tj'phoid  fever  to  the  lower  animals  have  given  a  negative  result  in 
<*very  instance.  Murchison,  in  18G7,  fed  typhoid-fever  discharges  to 
«wine,  and  Klein  has  made  numerous  experiments  of  the  same  kind 
upon  apes,  dogs,  cats,  g^uinea-pigs,  rabbits,  and  white  mice,  without 
result.  Birch-Hirschfeld,  in  1874,  by  feeding  large  quantities  of 
typhoid  stools  to  rabbits,  produced  in  some  of  them  symptoms  which 
in  some  respects  resembled  those  of  typhoid  ;  but  these  experiments 
were  repeated  by  Bahrdt  upon  ten  rabbits  with  an  entirely  negative 
result.  Von  MotschukoflPsky  met  with  no  better  success  in  his  at- 
tempts to  induce  the  disease  by  injecting  blood  from  typhoid  patients 
into  apes,  rabbits,  dogs,  and  cats.  Walder  also  experimented  with 
fresh  and  with  putrid  discharges  from  typhoid  patients,  and  with 
^Jood  taken  from  the  body  after  death,  feeding  this  material  to 
calves,  dogs,  cats,  rabbits,  and  fowls,  without  obtaining  any  posi- 
^ve  results.  Klebs  has  also  made  numerous  experiments  of  a  simi- 
lar nature,  and  in  a  single  instance  found  in  a  rabbit,  which  died 


Digitized  by  CjOOQIC 


342  THE  BACILLUS  OP  TYPHOID  PBVER. 

forty-seven  hours  after  receiving  a  subcutaneous  injection  o 
ture  fluid  containing  his  ''  typhoid  bacillus/'  pathological  les 
sembling  those  of  typhoid. 

Eberth  and  Qaffky  very  properly  decline  to  attach  any 
ance  to  this  solitary  case,  in  which,  as  the  first-named  wi 
marks,  a  different  explanation  is  possible,  and  the  possibilit 
intestinal  mycosis  not  typhoid  in  its  nature  must  be  considere 

Gaffky  has  also  made  numerous  attempts  to  induce 
symptoms  in  animals  by  means  of  pure  cultures  of  Eberth's  I 
g^ven  with  their  food  or  injected  into  the  peritoneal  cavity  oi 
taneously.  The  first  experiments  were  made  upon  five  Ja^ 
For  a  considerable  time  these  animals  were  fed  daily  with  p 
tures  containing  spores.  The  temperature  of  the  animals  wa 
twice  daily.  The  result  was  entirely  negative.  No  better 
attended  the  experiments  upon  rabbits  (IG),  guinea-pigs  (13^ 
rats  (7),  house  mice  (11),  field  mice  (4),  pigeons  (2),  one  hen  ant 

Comil  and  Babes  report  a  similar  negative  result  from  p 
tures  of  the  typhoid  bacillus  injected  into  the  peritoneal  ca^ 
into  the  duodenum  in  rabbits  and  guinea-pigs. 

Frankel  and  Simmonds  have  made  an  extended  series  of 
ments  upon  guinea-pigs,  rabbits,  and  mice,  and  have  sho\ 
pure  cultures  of  the  bacillus  of  Eberth  injected  into  the  la 
.tioned  animals — ^mice  and  rabbits— may  induce  death,  and  t 
bacillus  may  again  be  obtained  in  pure  cultures  from  their 
It  is  not  claimed  that  the  animals  suffer  an  attack  of  typhoi 
as  the  result  of  these  injections,  but  that  their  death  is  du< 
introduction  into  their  bodies  of  the  typhoid  bacilliLS,  and  tl 
bacillus  is  thereby  proved  to  be  pathogenic. 

The  failure  to  produce  the  characteristic  lesions  of  typhoic 
lower  animals  is  evidently  not  opposed  to  the  view  that  this  1 
is  the  specific  cause  of  such  lesions  in  man.  Frankel  and  Siir 
quote  from  Koch  in  support  of  this  statement,  as  follows  : 

**  In  my  opinion  it  is  not  at  all  necessary,  when  we  expeiiment  up 
mals,  to  obtain  precisely  the  same  symptoms  as  in  man.  In  suppor 
opinion  I  may  refer  to  the  infectious  diseases  which  we  are  able  to 
experimentally  in  the  lower  animals.  Anthrax  runs  a  very  differen 
in  animals  and  in  man ;  tuberculosis  does  not  present  itself  in  preci 
same  manner  in  one  species  of  animals  as  in  another.  Phthisis,  as  i1 
in  man,  we  cannot,  in  ^neral,  produce  in  animals ;  and,  neverthe 
cannot  assert  that  the  animals  experimented  upon  do  not  suffer  fron 
culosis,  and  that  the  conclusions  which  we  draw  from  such  experimi 
not  perfectly  correct." 

In  Frankel  and  Simmonds'  experiments  a  considerable  qi 
of  material  was  used,  and  the  injections  were,  for  the  mos 
made  into  the  peritoneal  cavity  in  mice,  or  into  the  circ 
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through  a  vein  in  rabbits.  The  influence  of  quantity  of  material 
used  is  especially  shown  in  the  case  of  the  mice,  and  the  question 
arises  whether  the  pathogenic  power  of  the  bacillus  for  these  ani- 
mals does  not  depend  upon  the  simultaneous  injection  of  the  ptomaine 
developed  in  cultures  as  a  result  of  the  vital  activity  of  the  organ- 
ism. Thus  we  read  that  mouse  No.  4  resisted  an  injection  of  a  di- 
lute solution  of  culture  No.  1,  but  succumbed  to  a  more  concentrated 
solution — one-fifth  of  a  Pravaz  syringe.  Mouse  No.  5  was  not  killed 
by  the  injection  of  one-third  of  a  syringef ul  of  a  dilute  solution,  but 
subsequentiy  died  from  the  injection  of  one-third  of  a  syringeful  of 
a  concentrated  solution.  Mouse  No.  16,  injected  October  10th  with 
half  of  a  syringeful  of  a  very  diluted  culture,  did  not  die.  The  in- 
jection was  repeated  on  the  17th  of  October  with  half  a  syringeful 
of  a  concentrated  solution,  with  fatal  result. 

In  all,  thirty-five  mice  were  injected,  with  a  fatal  result  in  twen- 
ty-seven cases.  In  rabbits  the  injections  were  commonly  made  in 
the  large  vein  of  the  ear,  and  the  quantity  of  material  injected  was 
considerably  greater — from  one-third  the  contents  of  a  hypodermatic 
syringe  to  two  syringef  uls.  In  some  instances  death  occurred  with- 
in a  few  hours,  in  others  on  the  following  day  or  after  an  interval  of 
two  or  three  days.  It  is  noticeable  that  the  results  differ  very  great- 
ly as  to  the  date  of  death  and  the  relative  quantity  of  material  re- 
quired to  produce  a  fatal  result.  This  probably  depends  to  some 
extent  upon  the  size  of  the  animal,  and  perhaps  partly  upon  indi- 
vidual differences  in  resisting  power. 

The  experiments,  considered  together,  show  that  the  typhoid  ba- 
cillus is  not  pathogenic  for  these  animals  in  the  same  sense  as  is  the 
anthrax  bacillus  or  the  bacillus  of  rabbit  septicaemia.  These  organ- 
isms introduced  beneath  the  skin  or  into  the  circulation  in  the  small- 
est amount  infallibly  produce  death,  and  at  the  expiration  of  a  pe- 
riod of  time  which  is  tolerably  uniform. 

In  all,  seventy-nine  experiments  upon  rabbits  were  made,  with  the 
following  result :  Five  injections  into  the  intestine,  five  into  the  sub- 
cutaneous connective  tissue,  one  into  the  lung,  and  two  inhalation 
experiments,  all  without  result;  twenty  injections  into  the  peri- 
toneal cavity  furnished  two,  and  forty-six  injections  into  the  vein  of 
the  ear  twenty  positive  results — i.e.,  were  fatal  to  the  animal. 

In  the  fatal  cases  the  bacilli  were  proved  to  be  present  in  the 
spleen  by  culture  experiments  and  by  microscopical  examination  of 
properly  stained  sections.  The  colonies  were  identical  in  appearance 
with  those  found  in  the  spleen  of  cases  of  typhoid  in  man.  Col- 
onies were  found  in  the  spleens  of  the  rabbits  experimented  upon 
exacUy  as  in  the  human  subject — ^sometimes  in  the  trabeculse,  some- 
times in  the  Malpighian  bodies,  sometimes  free  in  the  splenic  pulp. 
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Brieger  has  made  some  very  interesting  researches  with  refe 
to  the  chemical  substances  which  are  produced  as  a  result  o 
physiological  processes  attending  the  growth  of  this  bacillus. 

Having  obtained  a  culture  from  the  spleen  of  a  typhoid  pa 
and  assured  himself  by  comparison  with  a  pure  culture  giver 
by  Koch  that  he  was  dealing  with  the  right  organism,  Bi 
planted  the  bacillus  in  a  culture  solution  containing  grape  suga 
salts — Ndhrsalzen — ^in  which  it  thrived  admirably.  Such  a  sol 
at  30°  C.  became  clouded  at  the  end  of  twenty-four  hours,  and 
off  an  evident  odor  of  ethyl  alcohol,  which  increased  from  day  tc 
In  addition  to  ethyl  alcohol  small  quantities  of  the  volatile  fat 
were  produced — ^among  them  acetic  acid.  Lactic  acid  was 
formed  from  the  grape  sugar.  The  bacillus  grew  still  better  i 
buminous  culture  fluids.  It  did  not  in  these  give  rise  to  the  pr 
tion  of  sulphuretted  hydrogen  or  of  any  of  the  volatile  produc 
putrefactive  decomposition,  such  as  indol  and  phenol.  Ther( 
no  gas  formation  in  such  cultures,  even  after  standing  for 
weeks,  but  a  slight  odor,  resembling  that  of  whey,  was  giv< 
from  the  cultures.  Repeatedly,  but  not  in  every  case,  Brieger 
ceeded  in  obtaining  from  such  cultures  a  very  deliquescent 
product.  This  was  obtained  in  only  very  small  quantities, 
when  the  cultures  had  remained  in  the  incubating  oven  for  a  m 
The  physiological  properties  of  this  base  have  convinced  Briegei 
it  is  a  new  ptomaine.  In  guinea-pigs  this  ptomaine  produced  a  £ 
flow  of  saliva  and  frequent  respiration.  Later  the  animals  lost 
trol  of  their  extremities  and  of  the  muscles  of  the  trunk  ;  thej 
upon  their  side,  but  when  placed  upon  their  legs  were  able  to  ] 
forward  a  little  ;  they,  however,  soon  fell  again  and  remained 
less  upon  their  side.  The  pupils  gradually  became  widely  di 
and  failed  to  respond  to  light ;  the  flow  of  saliva  became  more 
fuse  ;  no  convulsions  occurred.  Little  by  little  the  pulsations  c 
heart  and  the  breathing  became  more  frequent.  During  the  € 
course  of  these  symptoms  the  animals  had  frequent  liquid  discha 
Death  occurred  in  from  twenty-four  to  forty-eight  hours, 
mortem  examination  showed  the  heart  to  be  contracted  in  ays 
the  lungs  to  be  hyperaBmic,  the  intestine  contracted  and  pale. 

The  experimental  evidence  which  we  have  presented,  consic 
in  connection  with  established  facts  relating  to  the  propagati( 
typhoid  fever,  seems  to  the  writer  to  be  convincing  as  regard 
etiological  role  of  this  bacillus. 

No  other  organism  has  been  found,  after  the  most  careful  se^ 
in  the  deeper  portions  of  the  intestinal  glands  involved  in  this  dis 
or  in  the  internal  organs  ;  on  the  other  hand,  this  bacillus  has 
demonstrated  to  be  constantly  present.     It  is  undoubtedly  pr 
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during  the  lifetime  of  the  patients,  and  is  found  in  greater  abun- 
dance in  those  cases  which  terminate  fatally  at  an  early  date.  It  is 
not  a  putrefactive  organism,  and  is  not  developed  in  the  tissues  post 
mortem,  although  it  has  been  shown  by  Frankel  and  Simmonds  that 
it  multiplies  rapidly  in  the  spleen  after  death,  up  to  the  time  that 
putrefactive  decomposition  commences.  This  is  quite  in  accord  with 
what  we  should  a  priori  have  expected,  in  view  of  the  facts  relat- 
ing to  the  propagation  of  typhoid  fever.  These  facts  indicate  that 
the  disease  in  question  is  due  to  a  microorganism  which  is  capable  of 
multiplication  external  to  the  human  body  in  a  variety  of  organic 
media,  at  comparatively  low  temperatures,  and  that  it  is  widely  dis- 
tributed. From  the  endemic  prevalence  of  the  disease  over  vast 
areas  of  the  earth's  surface  we  may  infer  that  it  is  induced  by  a 
hardy  microorganism.  Eberth's  bacillus  complies  with  all  of  these 
conditions. 

There  are  numerous  facts  which  indicate  that  the  development  of 
an  attack  of  typhoid  and  the  severity  of  the  symptoms  depend  to 
some  extent  upon  the  quantity  of  the  infectious  material  introduced 
into  the  alimentary  canal.  Milk  or  water  which  has  been  infected 
directly  by  the  discharges  of  typhoid  patients  is  especially  danger- 
ous, and  there  is  reason  to  believe  that  repeated  or  concentrated 
doses  of  such  infectious  material  may  be  effective  when  a  single 
draught  of  the  contaminated  fluid,  or  a  greater  degree  of  dilution, 
would  be  innocuous. 

Again,  we  have  evidence  that  the  typhoid  germs  may  become 
eflfective  as  a  result  of  certain  favorable  circumstances  relating  to  the 
individual  or  to  his  environment.  Those  agencies  which  reduce  the 
vital  resisting  power  of  the  tissues,  and  especially  exposure  to  the 
emanations  from  putrefyii^  material,  to  sewer  gas,  to  vitiated  air  in 
overcrowded  and  ill- ventilated  apartments,  etc.,  are  recognized  as 
favorable  to  the  development  of  typhoid  fever  where  the  specific 
cause  is  present.  All  these  facts  seem  to  accord  with  the  experi- 
mental evidence  which  indicates  that  the  pathogenic  power  of  the 
bacillus  of  Eberth  depends  upon  the  formation  of  a  poisonous 
ptomaine  rather  than  upon  a  special  facility  for  multiplpng  in  the 
tissues  of  a  living  animal.  Indeed,  it  seems  quite  probable  that  its 
power  to  invade  living  animal  tissues  depends  upon  the  toxic  action 
of  this  ptomaine  ;  or,  it  may  be,  of  other  ptomaines  produced  under 
certain  circumstances  in  the  body  in  excess  or  introduced  from  with- 
out. Such  toxic  agents  may  serve,  when  the  specific  germ  is  intro- 
duced into  the  intestine  in  comparatively  small  numbers,  to  give  it 
the  mastery  over  the  vital  resisting  power  of  the  tissues  subject  to  in- 
vasion, and  thus  to  induce  an  attack  of  the  disease.' 

'  The  above  account  of  researches  relating  to  the  etiology  of  typhoid  fever  is  from 
27 
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46.  BACILLUS  TYPHI  ABDOMINALIS. 

Synonyms. — Bacillus  typhosus  ;  Typhus  bacillus. 

Eberth  (1880  and  1881)  demonstrated  the  presence  of  thi 
in  the  spleen  and  diseased  glands  of  the  intestine  in  typht 
vers.     Qaflfky  (1884)  first  obtained  it  in  pure  cultures  from 
source  and  determined  its  principal  biological  characters. 

It  is  found,  in  the  form  of  small,  scattered  colonies,  in  tl 
the  Uver,  the  glands  of  the  mesentery,  the  diseased  intestim 
and  in  smaller  numbers  in  the  kidneys,  in  fatal  cases  of  typh 
it  has  also  been  obtained,  by  puncture,  from  the  spleen  du 
from  the  alvine  discharges  of  the  sick,  and  rarely  from  t] 
It  is  not  found  in  the  blood  of  the  general  circulation,  un 
sibly,  in  rare  cases  and  in  small  numbers. 


Fio.  108.  Fio.  109. 

Fio.  108.-BacUlu8  typhi  alxlomiiiaUs,  from  single  gelaUn  colony.  X  1,000.  Ft 
micrograph.    CFrilnkel  and  Pfeiffer. ) 

Flo.  109  — BacflluB  typhi  abdomlnallB,  from  single  gelatin  colony.  X  1,000.  Fi 
micrograph.    (Sternberg.) 

Morphology.— Ba^HMy  usually  one  to  three  ^  in  length  a 
0.5  to  0.8  ;/  broad,  with  rounded  ends  ;  may  also  grow  out 
threads,  especially  upon  the  surface  of  cooked  potato.  Th 
sions  of  the  rods  differ  considerably  in  different  media.  Spl 
oval  refractive  granules  are  often  seen  at  the  extremities  of 
especially  in  potato  cultures  kept  in  the  incubating  oven ;  1 
not  reproductive  spores,  as  was  at  first  supposed.  The  ba 
numerous  flagella  arranged  around  the  periphery  of  the  cells- 
from  five  to  twenty,  but  many  short  rods  have  but 
a  paper  read  by  the  writer  at  the  annual  meeting  of  the  Association  of 
Physicians,  Washington,  D.  C,  June  18th,  1886. 
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terminal  flagellum.  These  flagella  are  spiral  in  form,  about  0.1  /i  in 
thickness,  and  from  three  to  five  times  as  long  as  the  rods  (Babes). 

In  stained  preparations  imstained  '*  vacuoles ''  may  often  be  seen 
at  the  margins  of  the  rods,  either  along  the  sides  or  at  the  ends  ; 
these  appear  to  be  due  to  a  retraction  of  the  protoplasm  from  the  cell 
membrane. 

The  typhoid  bacillus  stains  with  the  aniline  colors,  but  more 
slowly  than  many  other  bacteria,  and  easily  parts  with  its  color  when 
treated  with  decolorizing  agents — e.g.,  iodine  solution  as  employed  in 
Gram's  method.  Loffler's  solution  of  methylene  blue  is  an  excellent 
staining  agent  for  this  bacillus,  but  permanent  preparations  fade  out 
after  a  time ;  f uchsin,  gentian  violet,  or  Bismarck  brown,  in  aqueous 
solution,  may  also  be  used.  The  flagella  may  be  demonstrated  by 
Lo£9er's  method  of  staining  (p.  32). 


F».  lia— BadUufl  typhi  abdominalls,  stained  bj  Ldffler's  method,  Bhowinir  flagella.  x  1,000. 
From  a  photomicrograph  bj  Frilnkel  and  Pfeiffer. 

To  stain  the  bacillus  in  sections  of  the  spleen,  etc.,  it  is  best  to 
leave  these  in  Loffler's  methylene  blue  solution  or  in  the  carbol- 
ftichsin  solution  of  Ziehl  for  twelve  hours  or  more ;  or  the  aniline- 
fuchsin  solution  may  be  used.  The  sections  should  be  washed  in 
distilled  water  only,  when  ZiehFs  solution  is  used,  or  vnth  a  very  di- 
lute solution  of  acetic  acid  when  Ehrlich's  tubercle  stain  is  employed 
(Baumgarten). 

Biological  Characters. — The  typhoid  bacillus  is  a  motile,  aero- 
hie,  non-liquefying  bacillus,  which  grows  readily  in  a  variety  of 
culture  media  at  the  "  room  temperature.''  Although  it  grows  most 
abundantly  in  the  presence  of  free  oxygen,  it  may  also  develop  in  its 
absence,  and  is  consequently  b,  facultative  anaerobic. 
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Fio.  111.— Single oolony  of  Bacillus 
typhi  abdominaliQ,  (n  nutrient  n^ela- 
tin.  (x?)  Ftom  a  pliotofirraph  by 
Boux. 


In  gelatin  plate  cultures  small,  white  colonies  are  developed  at 
the  end  of  thirty-six  to  forty-eight  hours,  which  under  the  microscope 

are  seen  to  be  somewhat  irregular  in 
outline  and  of  a  spherical,  oval,  or  long- 
oval  form ;  these  have  by  transmitted 
light  a  slightly  granular  appearance  and 
a  yellowish-brown  color.  At  the  end  of 
three  or  four  days  the  colonies  upon  the 
surface  of  the  gelatin  form  a  grayish- 
white  layer  of  one  to  two  miUimotres  in 
diameter,  with  more  or  less  irregular 
margins,  and,  when  developed  from  deep 
colonies,  vnth  an  opaque  central  nucleus. 
These  colonies,  by  transmitted  light, 
have  a  yellovnsh-brown  color  towards 
the  centre,  where  they  are  thickest, 
while  the  margins  are  colorless  and  transparent ;  the  surface  is  com- 
monly marked  with  a  network  of  lines  and  furrows.  Stick  cultures 
in  ten-per-cent  gelatin,  at  IS"*  to  20°  C,  at  the 
end  of  three  days  show  upon  the  surface  a 
whitish,  semi-transparent  layer,  with  sharply 
defined  margins  and  irreg^ar  outline,  which 
has  a  shining,  pearly  lustre ;  and  along  the 
line  of  puncture  a  grayish- white  growth,  made 
up  of  crowded  colonies,  which  are  larger  and 
more  distinct  at  the  bottom  of  the  line  of  growth. 
Upon  nutrient  (xgar,  at  a  temperature  of  35° 
to  37°  C,  the  growth  is  more  rapid  and  forms 
a  whitish,  semi-transparent  layer.  The  cul- 
tures give  oflf  a  faint  putrefactive  odor.  The 
growth  upon  blood  serum  is  rather  scanty,  in 
the  form  of  transparent,  shining  patches  along 
the  line  of  inoculation. 

The  typhoid  bacillus  develops  abundantly 
in  milk,  in  which  fluid  it  produces  an  acid  re- 
action ;  it  also  grows  in  various  vegetable  in- 
fusions and  in  bouillon. 

None  of  the  above  characters  of  growth 
are  distinctive,  as  certain  common  bacilli  found 
in  normal  faeces  present  a  very  similar  appear- 
ance when  cultivated  in  the  same  media. 

The  growth  of  this  bacillus  upon  potato  is 
an  important  character,  as  was  first  pointed  out 
hy  Gaffky.      In  the  incubating  oven  at  the  end  of  forty-eight  hours, 


\ 


Fig  112.-B«cIUus  typhi 
abdominaliii ;  stick  culture 
in  nutrient  jcelatin,  elphth 
day  at  16*»-20»  C  (B*um 
garten.) 
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or  at  the  room  temperature  in  three  or  four  days,  the  surface  of 
the  xx)tato  has  a  moist,  shining  appearance,  but  there  is  no  visible 
growth  such  as  is  produced  by  many  other  bacteria  upon  this  me- 
dium. A  simple  inspection  would  lead  to  the  belief  that  no  growth 
had  occurred;  but  if  with  a  platinum  needle  a  little  material  is 
scraped  from  any  portion  of  the  shining  surface  and  a  stained  pre- 
paration is  made  from  it,  numerous  bacilli  will  be  seen,  some  of 
which  are  likely  to  be  in  the  form  of  quite  long  threads,  while  others 
are  short  and  have  rounded  extremities.  This  "invisible  growth'' 
has  been  shown  by  the  researches  of  Buchner  and  others  to  be  most 
characteristic  upon  potatoes  having  a  decidedly  acid  reaction,  as  is 
usually  the  case  When  cultivated  upon  potatoes  having  an  alkaline 
reaction  a  thin,  visible  film  of  a  yellowish-brown  color  and  of  limited 
extent  may  be  developed.  Inasmuch  as  several  common  and  widely 
distributed  bacteria  closely  resemble  the  typhoid  bacillus  in  form  and 
in  their  growth  in  nutrient  gelatin,  this  character  of  invisible  growth 
upon  potato  is  very  important  for  its  diflferentiation,  especially  as  the 
common  bacilli  referred  to — Bacillus  coli  communis,  bacillus  of  Em- 
merich— produce  a  very  distinct  and  rather  thick,  yellowish- white 
mass  upon  the  surface  of  potato.  But  recent  researches  show  that 
this  invisible  growth,  although  not  a  common  character,  does  not 
belong  exclusively  to  the  typhoid  bacillus  (Babes). 

This  bacillus  in  its  development  in  culture  media  produces  adds — 
according  to  Brieger  small  quantities  of  volatile  fat  acids,  and,  in 
presence  of  grape  sugar,  lactic  acid.  It  also  grows  readily  in  a  de- 
cidedly acid  medium,  and  this  character  has  been  employed  as  a  test 
for  differentiating  it  from  other  similar  bacilli ;  but  some  of  these 
also  grow  in  a  decidedly  acid  medium,  and  too  much  reliance  cannot 
be  placed  upon  this  test. 

Brieger  has  shown  that  indol  is  not  produced  in  cultures  of  the 
typhoid  bacillus,  and  Eitasato  has  proposed  to  use  the  indol  test  for 
differentiating  this  from  other  similar  bacilli  which  are  said,  as  a 
rule,  to  give  the  indol  reaction.  This  test  consists  in  the  addition  to 
ten  cubic  centimetres  of  a  bouillon  culture  which  has  been  in  the  in- 
cubating oven  for  twenty-four  hours,  of  one  cubic  centimetre  of  a 
solution  of  sodium  nitrite  (0.02  gramme  to  one  hundred  cubic  centi- 
metres of  distilled  water),  together  with  a  few  drops  of  concentrated 
sulphuric  acid.    If  indol  is  present  a  red  color  is  developed. 

None  of  the  above-mentioned  tests  are  entirely  reliable,  but,  taken 
together  with  the  morphological  and  biological  characters  above  de- 
scribed, they  may  enable  the  bacteriological  expert  to  give  a  tolerably 
confident  opinion  as  to  the  presence  of  this  bacillus  in  a  water  supply 
suspected  of  contamination,  etc.  And  when  a  bacillus  having  these 
characters  is  obtained  in  a  pure  culture  from  the  spleen  of  a  typhoid 
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cadaver  the  student  may  be  very  sure  that  he  has  the  typhoid  I 
But  in  the  presence  of  various  similar  bacilli,  as  in  faeces^  veiy 
comparative  researches  will  be  required  to  determine  in  a 
manner  that  a  non-liquefying  bacillus  obtained  in  pure  cull 
the  plate  method  is  really  the  one  now  under  consideratioi 
daily  so  as  the  cultures  of  the  typhoid  bacillus  in  the  same  i 
may  differ  considerably  at  different  times,  and  a  number  oi 
are  known  which  resemble  it  so  closely  that  it  is  still  m 
whether  they  are  to  be  considered  as  varieties  of  the  typhoid 
or  as  distinct  species.  Thus  Babes,  in  an  extended  research,  f 
the  organs  of  typhoid  cases,  associated  with  the  true  typhoid  I 
other  bacilli  or  varieties  very  closely  resembling  it.  He  1 
described  three  varieties  (?),  obtained  by  him  from  other  e 
which  could  only  be  differentiated  from  the  true  typhoid  bad 
very  careful  comparison  of  cultures  made  side  by  side  in 
media. 

Cassedebat,  also,  in  an  extended  examination  of  the  rive 
at  Marseilles  with  reference  to  the  presence  of  the  typhoid  I 
found  three  species  which  very  closely  resembled  it,  but  wl 
careful  comparison  were  shown  to  present  slight  but  constj 
ferences  in  their  biological  characters.  He  was  not  able  to  i 
true  typhoid  bacillus,  and  his  researches,  together  with  those  o 
and  other  recent  investigators,  make  it  appear  probable  that  nu 
mistakes  have  been  made  by  bacteriologists  who  have  repoi 
finding  of  the  typhoid  bacillus  in  river  and  well  water,  in  f aac 
and  who  have  depended  mainly  upon  the  character  of  i 
growth  upon  potato  in  making  their  diagnosis.  Cassedeba 
that  all  three  of  his  pseudo-typhoid  bacilli  corresponded  i 
growth  upon  potato  with  the  bacillus  of  Eberth.  They  als( 
sponded  in  their  growth  on  gelatin,  agar-agar,  and  blood 
which,  as  heretofore  remarked,  has  no  characteristic  features 
all  gave  a  negative  indol  reaction.  Lake  the  typhoid  bacilli 
grew  in  milk  without  causing  coagulation  of  tiie  casein,  but 
them  produced  an  alkaline  reaction  in  this  fluid,  while  the  thi 
responded  with  the  typhoid  bacillus  in  producing  a  decided  t 
action.  Differences  were  also  observed  in  bouillon  cultures, 
bouillon  and  milk  to  which  various  aniline  colors  had  been  ad 
recommended  by  Holz. 

Whether  the  typhoid  bacillus,  as  obtained  from  the  sple< 
typhoid  cadaver,  is  in  truth  specifically  distinct  from  these 
bacilli,  or  whether  they  are  all  varieties  of  the  same  species, 
ing  from  modifications  in  their  biological  characters  acquired 
their  continuous  development  under  different  conditions,  is 
settled  question.     But,  in  view  of  the  experimental  eviden< 


Digitized  by  CjOOQIC 


THB  BACILLUS  OF  TYPHOID  FBVBB.  351 

available,  there  is  nothing  improbable  in  the  supposition  that  they  are 
simply  varieties,  and  that,  as  the  result  of  a  saprophytic  mode  of 
life,  this  bacillus  may  undergo  more  or  less  permanent  modifications. 

In  the  writer's  experiments  (1887)  the  thermal  death-point  of  the 
t}T)hoid  bacillus  was  found  to  be  66°  C,  the  time  of  exposure  being 
ten  minutes  ;  and  potato  cultures  containing  the  refractive  granules 
described  by  QaflFky  as  spores  were  found  to  be  infallibly  destroyed 
by  a  temperature  of  60''  C.  This  result  has  been  confirmed  by  Buch- 
ner  (1888)  and  by  Janowsky  (1890),  and  the  inference  seems  justified 
that  these  granules  are  not  reproductive  bodies,  as  was  at  first  be- 
lieved ;  for  spores  are  distinguished  by  their  great  resistance  to  heat 
and  other  destructive  agencies.  According  to  Buchner,  the  bacilli 
containing  these  refractive  granules  are  even  less  resistant  than  fresh 
cultures  in  which  they  are  not  present,  and  he  is  disposed  to  look 
upon  them  as  representing  a  degeneration  of  the  protoplasm  of  the 
c^ells.  They  do  not  stain  by  the  methods  which  are  successful  in 
staining  the  spores  of  other  bacilli,  and,  in  short,  present  none  of  the 
characters  which  distinguish  spores,  except  the  form  and  high  re- 
fractive power. 

The  typhoid  bacillus  retains  its  vitality  for  many  months  in  cul- 
tures; the  writer  has  preserved  bouillon  cultures  for  more  than  a  year 
in  hermetically  sealed  tubes,  and  has  found  that  development 
promptly  occurred  in  nutrient  gelatin  inoculated  from  these.  Dried 
upon  a  cover  glass,  it  may  grow  in  a  suitable  medium  after  having 
been  preserved  for  eight  to  ten  weeks  (Pfuhl).  When  added  to 
sterilized  distilled  water  it  may  retain  its  vitality  for  more  than  four 
weeks  (Bolton),  (forty  days  Cassedebat),  and  in  sterilized  sea-water 
for  ten  days  (De  Giaxa).  Added  to  putrefying  faeces  it  may  preserve 
its  vitality  for  several  months  (Ufflemann),  in  typhoid  stools  for  three 
months  (Karlinski),  and  in  earth  upon  which  bouillon  cultures  had 
been  poured  for  five  and  one-half  months  (Qrancher  and  Deschamps). 

In  hanging-drop  cultures  this  bacillus  may  be  seen  to  exhibit  very 
active  movements,  the  shorter  rods  rapidly  crossing  the  field  with  a 
darting  or  to-and-fro,  progressive  motion,  while  longer  filaments 
move  in  a  serpentine  manner. 

In  addition  to  the  volatile  fat  acids  which,  according  to  Brieger, 
are  formed  in  small  amounts  in  cultures  of  the  typhoid  bacillus,  and 
to  lactic  acid  formed  in  solutions  containing  grape  sugar,  a  basic 
substance  possessing  toxic  properties  has  been  isolated  by  the  chemist 
named — his  typhotoxine  (C,H„NO,).  Brieger  supposes  that  other 
basic  substances  are  likewise  formed,  but  believes  this  to  be  the  speci- 
fic product  to  which  the  pathogenic  action  of  the  bacillus  is  due.  It 
is  a  strongly  alkaUne  base,  which  produces  in  mice  and  guinea-pigs 
salivation,  paralysis,  dilated  pupils,  diarrhoea,  and  death. 
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Numerous  experiments  have  been  made  to  determine  the  i 
of  various  germicidal  agents  required  to  destroy  the  vitality 
bacillus,  and  the  action  of  antiseptics  in  restraining  its  devel 
For  the  results  of  these  experiments  the  reader  is  referre 
sections  in  Part  Second  relating  to  the  action  of  antiseptics  ai 
fectants. 

Pathogenesis. — The  very  numerous  experiments  which  hi 
made  on  the  lower  animals  have  not  been  successful  in  prod 
any  one  of  them  a  typical  typhoid  process.  Nor  is  this  suj 
in  view  of  the  fact  that,  so  far  as  is  Imown,  no  one  of  them  is 
contract  the  disease,  as  man  does,  by  the  use  of  infected 
water. 

The  experiments  of  Frankel  and  Simmonds  show  that  wh 
siderable  quantities  of  a  pure  culture  of  this  bacillus  are  injec 


Fia    113  —Section  through  wall  of  intestine,  showing  invasion  1^  typhoid  bad 
(Baumgarten.) 

the  circulation  of  rabbits  through  the  ear  vein,  or  into  the  pe 
cavity  of  mice,  a  certain  proportion  of  the  inoculated  anini 
usually  within  forty-eight  hours,  and  that  the  bacillus  ma] 
covered  from  the  various  organs,  although  it  is  not  presen 
blood.  But  death  does  not  always  occur  from  intravenous  inj 
and  subcutaneous  or  intraperitoneal  injections  in  rabbits  are 
without  result.  Subcutaneous  injections  in  mice  proved  to  be 
ten  cases  out  of  sixteen  inoculated  by  A.  FrankeL  Seitz,  by  f  c 
Koch's  method — i.e.,  by  rendering  the  contents  of  the  stoma 
line,  and  arresting  intestinal  peristalsis  by  the  administn 
opium — obtained  a  fatal  result,  in  a  majority  of  the  guinea-pig 
mented  upon,  from  the  introduction  of  ten  cubic  centimet 
bouillon  culture  into  the  stomach  through  a  pharyngeal  c 
We  may  remark,  with  reference  to  these  results,  that  while  th< 
that  cultures  of  the  typhoid  bacillus  have  a  certain  pathogenic 
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they  also  show  that  the  aniQials  experimented  upon  frequently  re- 
covered after  comparatively  large  doses,  and  that  the  typhoid  bacil- 
lus is  not  pathogenic  in  the  same  sense  as  are  those  microorganisms 
which,  when  introduced  into  the  body  of  a  susceptible  animal  in  very 
niinute  amount,  give  rise  to  general  infection  and  death.  On  the 
other  hand,  a  fatal  result  depends  upon  the  quantity  of  the  culture 
introduced  in  the  first  instance,  rather  than  upon  the  multiplication 
of  the  bacillus  in  the  body  of  the  inoculated  animal.  This  view  is 
confirmed  by  the  experiments  of  Sirotinin,  which  show  not  only  that 
a  fatal  result  depends  upon  the  quantity  injected,  but  also  that  a 
similar  result  follows  the  injection  of  cultures  which  have  been  ster- 
ilized by  heat  or  filtration.  The  pathogenic  action,  then,  depends 
upon  the  presence  of  toxic  substances  produced  during  the  growth  of 
the  bacillus  in  artificial  culture  media.  The  researches  of  Brieger, 
heretofore  referred  to,  show  the  presence  in  such  cultures  of  a  toxic 
ptomaine — his  typhotoxine — ^to  which  the  pathogenic  potency  of  these 
cultures  appears  to  be  due.  White  mice  and  guinea-pigs  usually  die 
in  from  twenty-four  to  forty-eight  hours  when  inoculated  in  the 
cavity  of  the  abdomen  with  a  virulent  culture  of  the  typhoid  bacillus 
—0.1  cubic  centimetre  to  0.5  cubic  centimetre  of  a  bouillon  culture 
three  days  old.  According  to  Kitasato,  the  virulence  of  cultures 
from  different  cases  of  typhoid  fever  varies  considerably. 

Detection  of  the  Typhoid  Bdcillus  in  Water. — The  generally 
recognized  fact  that  typhoid  fever  is  usually  contracted  by  drink- 
ing water  contaminated  by  the  typhoid  bacillus  has  led  to  numer- 
ous researches  having  for  their  object  the  discovery  of  a  reliable 
method  of  detecting  this  bacillus  when  present  in  water  in  compara- 
tively small  numbers  in  association  with  the  ordinary  water  bacilli. 
The  use  of  Koch^s  plate  method,  as  commonly  employed,  will 
not  suffice,  because  the  water  bacilli  present  grow  more  rapidly 
and  cause  liquefaction  of  the  gelatin  before  visible  colonies  of  the 
typhoid  bacillus  are  formed  ;  and,  owing  to  the  relatively  small 
number  of  typhoid  bacilli,  these  are  Ukely  to  escape  detection.  The 
aim  of  bacteriologists  has,  therefore,  been  to  restrain  the  growth  of 
these  common  water  bacilli  by  some  agent  which  does  not  at  the 
same  time  prevent  the  development  of  the  typhoid  bacillus.  Chan- 
temesse  and  Widal  were  the  first  to  propose  the  use  of  carbolic  acid 
fortius  purpose.  They  recommended  the  addition  of  0.25  per  cent 
of  this  agent  to  nutrient  gelatin  ;  but,  according  to  Kitasato,  the  de 
velopment  of  the  typhoid  bacillus  is  restrained  by  an  amount  exceed- 
ing 0.20  per  cent, 

Holz  prepares  an  d.cid  medium  by  adding  gelatin  (ten  per  cent)  to 
the  juice  of  raw  potatoes,  and  asserts  that  while  the  typhoid  bacillus 
grows  luxuriantly  in  this  medium,  many  other  bacilU  fail  to  develop 
27» 
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in  it.  The  test  is  said  to  be  still  more  reliable  if  0.05  per  ce 
bolic  acid  is  added  to  the  "  potato-gelatin.''  According  to  '. 
addition  of  more  than  0.1  percent  of  carbolic  acid  to  nutrie 
prevents  the  free  development  of  the  typhoid  bacillus. 

Thoinot  has  claimed  to  be  able  to  obtain  the  typhoid  bac 
mixed  cultures — as,  for  example,  from  faeces — by  suspendii 
amount  of  material  containing  it  for  several  hours  in  a  sok 
taining  0.25  per  cent  of  carbolic  acid.  While  other  b 
destroyed,  the  typhoid  bacillus  is  said  to  survive  such  expoi 

The  viethod  of  Parietti  has  recently  been  tested  in  a 
way  by  Kamen,  and  proved  to  be  satisfactory  for  the  de 
the  typhoid  bacillus  in  water  which  was  supposed  to  be  the 
a  local  epidemic  of  the  disease.     The  following  solution  is  x 

Carbolic  acid, 5  gra 

Hydrochloric  acid  (pure), 4 

Distilled  water, 100 

Several  test  tubes,  each  of  which  contains  ten  cubic  a 
of  neutral,  sterilized  bouillon,  are  used  in  the  experimer 
three  to  nine  drops  of  the  acid  solution  are  added  to  each 
and  the  tubes  are  then  placed  in  an  incubating  oven  for  tw 
hours  to  ascertain  whether  they  are  still  sterile  after  this 
If  the  bouillon  remains  clear,  from  one  to  ten  drops  of  the 
water  are  added  to  each  tube  and  they  are  returned  to  the  i 
oven.  If  at  the  end  of  twenty-four  hours  the  bouillon 
clouded,  this  is  due,  according  to  Parietti,  to  the  presei 
typhoid  bacillus,  which  is  then  to  be  obtained  in  pure  cultu 
plate  method. 

The  following  method,  recently  suggested  by  Hazen  ai 
has  been  tested  with  favorable  results  by  Foote.  This  n 
pends  upon  the  fact  that  most  of  the  common  water  bac 
grow  at  a  temperature  of  40°  C,  whereas  this  is  a  favoral 
rature  for  the  development  of  the  typhoid  bacillus.  A  si 
tity  of  the  suspected  water  is  added  to  liquefied  nutrient  aj 
tubes,  and  plates  are  made.  These  are  placed,  in  an  incubf 
at  40°  C,  and  the  typhoid  bacillus,  if  present,  will  develc 
within  two  or  three  days.  At  the  ordinary  room  tempo 
more  numerous  water  bacilli  would  develop  upon  the  same 
abundantly  that  it  would  ba  difficult  to  recognize  colon 
typhoid  bacillus. 

Theobald  Smith,  in  a  recent  paper  {Centralhh  /.  B 
Bd.  xii.,  page  367),  claims  that  the  typhoid  bacillus  may  b 
tiated  from  other  similar  bacilli  (Bacillus  coli  communis,  1 
hog  cholera,  etc.)  by  the  fact  that  it  does  not  produce  gas 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


PLATE   V 

STERNBERG'S   BACTERIOLOGY 


£^^  -  ^ 


Kiif. 


KiK.  -i. 


KlK. 


Ki«.  4. 


Ki«.  «. 


i'ATIIOGENIi:  DACTERIA. 


Digitized  by  VjOOQIC 


THE  BAOniliUS  OF  TYPHOID  FEVER.  355 

media  containing  sugar — grape  sugar,  cane  sugar,  or  milk  sugar. 
The  medium  recommended  by  Smith  for  making  this  test  is  a  pep- 
tone-bouillon containing  two  per  cent  of  grape  sugar  and  made 
slightly  alkaline  vnth  carbonate  of  soda.  The  liquid  becomes  clouded 
throughout  at  the  end  of  twenty-four  hours,  but  not  a  trace  of  gas  is 
developed  even  after  several  days.  On  the  other  hand,  the  colon 
bacillus  and  other  bacilli  which  closely  resemble  the  typhoid  bacillus 
cause  an  abundant  development  of  gas  in  this  medium. 


PLATE  V. 

PATHOOBNIC  BACTERIA. 

Fig.  1. — Bacillus  anthracis  from  cellular  tissue  of  inoculated  mouse. 
Stained  with  gentian  violet,  x  1,000.  Photomicrograph  by  Frankel  and 
PfeifPer. 

Fia.  2. — Bacillus  anthracis  in  section  of  liver  of  inoculated  rabbit. 
Stained  with  Bismarck  brown,     x  250.    Photomicrograph  by  Sternberg. 

Fig.  3. — Micrococcus  gonorrhoesB  in  gonorrhoeal  pus.  Stained  with  gen- 
tian violet.     X  1,000.     Photomicrograph  by  gaslight  (Sternberg). 

Fig.  4. — Anthrax  spores  from  a  bouillon  culture.  Double-stained  prepara- 
tion— with  carbol-fuchsin  and  methylene  blue,  x  1,000.  Photomicrograph 
by  Frankel  and  PfeiflFer. 

Fig.  6. — Spirillum  cholerse  Asiaticae  from  a  culture  upon  starched  linen 
at  end  of  twenty-four  houre  Stained  with  f  uchsin.  x  1,000.  Photomi- 
crograph by  Frankel  and  Pfeiffer. 

Fig.  6. — Bacillus  diphtheriaB  from  colony  upon  an  agar  plate,  twenty- 
four  hours  old.  Stained  with  L<5ffler's  solution  of  methylene  blue,  x  1,000. 
Photomicrograph  by  Frankel  and  Pfeiffer. 
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IX. 
BACTERIA  IX  DIPHTHERIA. 

Diphtheria  is  generally  recognized  by  physicians  as  a  specific 
infectious  disease,  and,  owing  to  its  wide  prevalence  and  fatal  char- 
acter, a  precise  knowledge  of  its  etiology  is  of  the  greatest  import- 
ance. Until,  as  a  result  of  recent  researches,  this  was  determined, 
pathologists  were  in  doubt  as  to  whether  diphtheria  should  be  con- 
sidered as  primarily  a  local  infection,  or  whether  the  local  manifesta- 
tions were  secondary  to  a  general  systemic  infection.  But  this  question 
appears  now  to  be  definitely  settled  in  favor  of  the  former  view.  We 
have  to-day  a  very  precise  knowledge  of  the  specific  infecting  agent, 
and  have  evidence  that  it  produces  during  its  growth  a  very  potent 
toxic  substance,  the  absorption  of  which  from  the  seat  of  local  infec- 
tion accounts  in  a  satisfactory  manner  for  the  general  symptoms  of 
the  disease,  which  are  due  to  toxaemia  and  not  to  an  invasion  of  the 
blood  and  tissues  by  the  pathogenic  microorganism  producing  it. 

Numerous  researches  by  competent  bacteriologists  have  failed  to 
demonstrate  the  presence  of  bacteria  in  the  blood  of  patients  suffer- 
ing from  diphtheria,  but  a  variety  of  microorganisms  have  been  ob- 
tained in  cultures  from  diphtheritic  pseudo-membranes,  and  may  be 
demonstrated  by  the  microscopical  examination  of  stained  prepara- 
tions. Among  these  are  the  well-known  pus  organisms,  and  espe- 
cially the  Streptococcus  pyogenes,  which  appears  to  be  very  commonly 
present,  and  is  perhaps  the  active  agent  in  the  production  of  certain 
forms  of  pseudo-diphtheria.  But  the  maUgnant,  specific  diphtheria, 
so  well  known  in  this  country  and  in  Europe,  has  been  demonstrated 
by  the  recent  researches  of  bacteriologists  to  be  due  to  a  bacillus  first 
recognized  by  Klebs  in  stained  preparations  of  diphtheritic  false 
membranes  (1883),  and  cultivated  and  described  by  Loffler  in  1884. 
In  his  first  publication  Loffler  did  not  claim  to  have  fully  demon- 
strated the  etiological  relation  of  this  bacillus,  but  this  appears  to  be 
fully  established  by  subsequent  researches. 

In  his  first  research  Loffler  studied  twenty-five  cases,  and  in  the 
greater  number  of  them  found  in  stained  preparations  the  bacil- 
lus preWously  described  by  Klebs.      From  six  of  these  cases  he 
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obtamed  it  in  pure  cultures,  and  by  inoculations  in  pigeons,  chickens, 
rabbits,  and  guinea-pigs  proved  that  it  gave  rise  to  a  diphtheritic 
inflammation  when  inoculated  into  the  mucous  membrane  of  the 
trachea,  conjunctiva,  pharynx,  or  vagina.  In  a  second  communica- 
tion Loffler  reported  his  success  in  finding  the  same  bacillus  in  ten 
additional  cases,  and  also  that  he  had  isolated  from  the  same  source 
a  non-pathogenic  bacillus  which  resembled  it  very  closely.  This 
pseudo-diphtheria  bacillus  has  since  been  found  by  other  bacteri- 
ologists (Yon  Hoffmann^  Boux  and  Yersin),  and  it  is  uncertain 
whether  it  is  to  be  considered  a  distinct  species,  or  a  non-pathogenic 
variety  of  the  diphtheria  bacillus  as  maintained  by  Koux  and  Yersin. 
But  its  occasional  presence  does  not  invalidate  the  very  positive  ex- 
perimental evidence  relating  to  the  specific  pathogenic  power  of  the 
true  diphtheria  bacillus. 

Loffler  has  recently  (1890)  reviewed  the  evidence  upon  which 
this  bacillus  is  now  generally  conceded  by  bacteriologists  to  be  the 
specific  infectious  agent  in  true  diphtheria.  The  following  are  the 
principal  points  in  the  demonstration  : 

First. — It  is  found  in  all  undoubted  cases  of  diphtheria.  In 
support  of  this  we  have  the  results  of  researches  made  by  Loffler, 
Wyssokowitsch,  D'Espine,  Von  Hoffmann,  Ortmann,  Roux  and 
Yersin,  Kolisko  and  Paltauf,  Zarinko  and  Sorensen,  who  in  nearly 
every  case  have  demonstrated  without  difficulty  the  presence  of  this 
bacillus.  On  the  other  hand,  Prudden  failed  to  find  it  in  a  series  of 
twenty-four  cases  studied  by  him ;  but  his  own  account  of  these 
cases  indicates  that  they  were  not  cases  of  true  diphtheria.  He  says 
in  a  subsequent  communication  : 

**Inviewof  the  doubt  existing  among  practitioners  as  to  whether  all 
forms  of  peeudo-membranous  infuimmation  should  be  called  diphtheria  or 
not.  and  with  the  purpose  of  making  a  wholly  objective  study,  the  writer 
distinctly  stated  at  the  outset  of  that  paper  that  all  the  fatal  cases  of  exten- 
sive pseudo-membranous  laryngitis,  as  well_as  pharyngitis,  should  in  his 

»of  mpl   ■     ' 


study  be  considered  as  cases  of  diphtheria.  This  left  the  question  as  to  the 
propriety  of  establishing  separate  groups  of  pseudo-membranous  inflamma- 
tion open  and  free  from  bias.  It  was  distinctly  stated,  however,  that  six- 
teen out  of  the  twenty-four  cases  occurred  in  a  large  asylum,  in  which 
measles  and  scarlet  fever  were  prevalent  during  the  period  in  which  these 
studies  were  under  way.  Five  other  cases  in  another  asylum  were  ex- 
posed to  similar  conditions/' 

In  a  subsequent  series  of  "  twelve  cases  of  fatal  pseudo-mem- 
branous inflanmiation  occurring  in  two  children's  asylums,  in  which 
for  many  months  there  had  been  no  scarlatina  and  no  measles,  and 
in  which  there  was  no  complicating  suppurative  inflammation  and 
no  erysipelas/'  Prudden  (1890)  obtained  Loffler  s  bacillus  in  cultures 
from  eleven,  and  he  says : 

'*  We  are  now,  it  would  seem,  justified,  as  it  did  not  appear  to  the  writer 
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that  we  were  two  years  ago,  owin^  to  the  large  number  of  important  re- 
searches which  have  been  made  m  the  interim,  in  saying  that  the  name 
diphtheria,  or  at  least  primai^  diphtheria,  should  be  api>]ied,  and  exclusively 
applied,  to  that  acute  infectious  disease,  usually  aasociated  with  a  pseudo- 
membranous inflammation  of  the  mucous  membranes,  which  is  prunarily 
caused  6y  the  bacillus  called  Bacillus  diphtheriae  of  Loffler.'* 

In  this  country  Welch  and  Abbott  (1891)  have  also  demonstrated 
the  presence  of  the  Klebs-Loffler  bacillus  in  a  series  of  eight  cases 
occurring  in  Baltimore^  and  have  proved  its  specific  pathogenic 
power  by  inoculations  in  animals. 

With  reference  to  the  question  as  to  how  long  after  convalescence 
is  established  the  diphtheria  bacillus  may  be  present  in  the  throat 
of  an  infected  person,  Lofflerhas  made  the  following  research  (1890). 
In  a  typical  case  a  bacteriological  examination  was  made  daQy  from 
the  commencement  until  fourteen  days  after  its  termination.  Fever 
disappeared  on  the  fifth  day,  and  the  exudation  had  all  disappeared 
on  the  sixteenth  day.  Up  to  this  time  the  bacillus  was  daily  ob- 
tained in  cultures,  and  subsequently  nearly  every  day  up  to  the 
twenty-fifth — that  is,  for  three  weeks  after  the  febrile  symptoms  had 
disapp>eared.  Boux  and  Tersin  have  also  obtained  the  bacillus  in 
cultures  from  mucus  scraped  from  the  throats  of  convalescents  sev- 
eral days  after  the  disappearance  of  all  evidence  of  the  disease. 

Second.  The  Kleha-Loffler  bacillus  is  found  only  in  diph- 
theria.— In  his  earlier  researches  Loffler  obtained  the  bacillus  in  a 
single  instance  from  the  mouth  of  a  healthy  child,  and  this  fact  led 
him  to  hesitate  in  announcing  it  as  his  conviction  that  it  was  the 
true  cause  of  diphtheria.  But  in  extended  researches  made  subse- 
quently he  has  not  again  succeeded  in  finding  it,  except  in  associa- 
tion with  diphtheria,  and  admits  now  that  he  may  have  been  mis- 
taken as  to  the  identity  of  the  bacillus  found.  This  seems  not 
improbable  in  view  of  the  fact  that  very  similar  bacilli  have  been 
found  by  various  bacteriologists.  Thus  Von  Hoffmann  obtained  a 
very  similar  but  non-pathogenic  bacillus  from  the  mucus  of  chronic 
nasal  catarrh  and  from  healthy  mucous  membranes ;  Babes  from 
cases  of  trachoma,  Neisser  from  ulcers,  Zarinko  Jrom  the  surface  of 
various  mucous  membranes.  But  all  of  these  were  shown  to  present 
certain  differences  in  their  biological  characters  by  which  they  could 
be  differentiated  from  the  true  diphtheria  bacillus. 

Welch  and  Abbott  in  their  comparative  studies  did  not  find  the 
Loffler  bacillus,  **  or  any  bacillus  that  an  experienced  bacteriologist 
would  be  likely  to  confound  with  it"  They  examined  mucus  from 
the  throats  of  healthy  children,  from  those  suffering  from  simple  in- 
flammation of  the  tonsils  and  pharynx,  and  from  four  cases  of  so- 
called  follicular  tonsillitis.  As  a  result  of  their  investigations  they 
agree  with  Loffler,  and  with  Roux  and  Yersin,  as  to  "  the  great  prao- 
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ideal  value,  for  diagnostic  purposes,  of  a  bacteriological  examination 
of  cover-glass  specimens  and  by  cultures ''  of  cases  in  which  there  is 
any  doubt  of  the  true  character  of  the  disease.     They  say  further  : 

**The  only  species  of  bacteria  which  we  have  found  constantly  in  the 
cases  of  diphtheria  has  been  the  Loffler  bacillus.  Two  other  species  have 
been  present  in  many  cases,  viz.,  the  well-known  streptococcus,  which  g^rows 
in  much  smaller  colonies  and  less  rapidly  than  the  Loffler  bacillus,  and  a 
short,  oval,  often  slightly  pointed  bacillus,  growing  in  long  chains  running 
parallel  to  each  other.  Tnere  are  often  marked  irrefipularities  in  shape  ana 
especially  in  size  of  this  bacillus,  even  of  individuals  in  the  same  chain. 
The  colonies  of  this  bacillus  are  grayish-white,  moist,  lar^r  than  those  of 
the  streptococcus,  but  smaller  than  those  of  the  Loffler  baculus/^ 

Third.  As  shown  by  Loffler's  earlier  researches,  pure  cultures 
of  this  bacillus  induce  characteristic  diphtheritic  inflammation 
when  inoculated  into  the  mucous  membranes  of  certain  lower  ani- 
mals. Roux  and  Yersin  have  also  shown  that  local  paralysis  is 
likely  to  occur  in  inoculated  animals,  as  is  the  case  in  diphtheria  in 
man.  In  speaking  of  their  inoculations  into  the  trachea  in  rabbits 
these  investigators  say  : 

*'The  affection  which  is  thus  induced  in  the  rabbit  resembles  croup  in 
man.  The  difficulty  which  the  animal  experiences  in  breathing ;  the  noise 
made  by  the  air  in  passing  through  the  obstructed  trachea-  the  aspect  of  the 
trachea,  which  is  congest^  and  covered  with  false  membranes;  the  cedema- 
tous  swelling  of  the  tissues  and  glands  of  the  neck,  make  the  resemblance 
absolutely  remarkable.'^ 

Welch  and  Abbott  give  the  following  account  of  the  results  of 
inoculations  into  the  trachea  in  kittens  : 

'*  A  half -grown  kitten  is  inoculated  into  the  trachea  with  one  platinum 
loop  from  a  pure  culture  of  the  Loffler  bacillus  on  glycerin-afipar,  eleven  days 
old,  derived  from  Case  lY.  For  the  inoculation  a  small  median  incision  was 
made  over  the  trachea,  in  which  a  hole  just  large  enough  to  admit  the  plati- 
num loop  was  made.  The  culture  was  rubbed  over  the  mucosa  of  the  trachea 
for  an  extent  about  three  centimetres  in  length,  and  in  this  process  sufficient 
force  was  used  to  abrade  the  mucous  membrane.  On  the  day  following  the 
inoculation  no  special  alteration  in  the  animal  was  observed,  but  on  the 
morning  of  the  second  day  it  was  found  very  weak.  In  the  course  of  this 
day  it  became  so  weak  as  to  Ue  completely  motionless,  apparently  uncon- 
scious, with  very  feeble,  shallow  respiration ;  several  times  it  was  thought  to 
be  dead,  but  on  careful  examination  proved  still  to  be  breathing  feebly.  It 
was  found  dead  on  the  morning  of  the  third  day.  At  the  autopsy  the  wound 
was  found  gaping  and  covered  with  a  grayish,  adherent,  necrotic,  distinctly 
diphtheritic  layer.  For  a  considerable  distance  around  the  wound  the  sub- 
cutaneous tissues  were  very  oedematous,  the  oedema  extending  from  the 
lower  jaw  doWh  over  the  sternum,  and  to  the  sides  of  the  neck,  and  along 
the  anterior  extremities.  The  lymphatic  glands  at  the  angle  of  the  jaw  were 
markedly  swollen  and  reddened.  The  mucous  membrane  of  the  trachea, 
b^finninspat  the  larynx  and  extending  down  for  six  centimetres,  was  covered 
with  a  tcuerably  firm,  grayish-white,  loosely  attached  pseudo-membrane,  in 
all  respects  identical  with  the  croupous  membranes  observed  in  the  same 
situation  in  cases  of  human  diphtheria.  *' 
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47.    BACILLUS  DIPHTHERIuE. 

First  observed  by  Klebs  (1883)  in  diphtheritic  false  membranes. 
Isolated  in  pure  cultures  and  pathogenic  power  demonstrated  by 
Loffler  (1884). 

Found  in  diphtheritic  pseudo-membranes,  and  especially  in  the 
deeper  pori^ions,  intermingled  with  numerous  cellular  elemente;  while 
the  superficial  layere  of  the  membrane  commonly  contain  but  few 
cells  or  bacilli,  or  are  invaded  by  other  species,  especially  by  Strep- 
tococcus pyogenes.  The  bacilH  are  not  found  in  the  affected  mucous 
membrane,  or  in  sections  from  the  internal  organs  in  fatal  cases  of 
this  disease. 

Morphology, — Rods,  straight  or  sUghtly  curved,  with  rounded 

ends,  having  a  diameter  of  0.5  to  0.8 
/i,  and  from  2  to  3  //  in  length.  Ir- 
regular forms  are  very  common,  and, 
indeed,  are  characteristic  of  this  bacil- 
lus. In  the  same  culture,  and  especially 
in  an  unfavorable  culture  medium,  very 
great  differences  in  form  and  dimen- 
sions may  be  observed  ;  one  or  both  ends 
may  appear  swollen,  or  the  central  por- 
tion may  be  notably  thicker  than  the 
extremities,  or  the  rod  may  be  made  up 
Fio.  111.  -  Baciiijs  diphtheria,  of  irregular  Spherical  or  oval  segments, 
from  a  culture  upon  blood  serum.       Multiplication  occurs  by  fissiou  onlv, 

Ytota.  a  photomicro^aph.    x  1,000.  ^  " 

(Friinkei  and  Pfeifler.)  and  the  bacilli  do  not  grow  out  into  fila- 

ments. 

In  unstained  preparations  certain  portions  of  the  rod,  and  espe- 
cially the  extremities,  are  observed  to  be  more  highly  refractive  than 
the  remaining  portion  ;  and  in  stained  preparations  these  portions 
are  seen  to  be  most  deeply  colored.  The  diphtheria  bacillus  may  be 
stained  by  the  use  of  Loffler 's  alkahne  solution  of  methylene  blue, 
but  is  not  so  readily  stained  with  some  of  the  other  aniline  colors 
commonly  employed.  It  stains  also  by  Gram  s  method.  For  the 
demonstration  of  the  bacillus  in  sections  of  diphtheritic  membrane 
"  nothing  can  surpass  in  brilliancy  and  sharp  differentiation  sections 
stained  doubly  by  the  modified  Weigert's  fibrin  stain  and  picro-car- 
mine  "  (Welch  and  Abbott). 

Biological  Characters. — The  diphtheria  bacillus  is oerofric,  nan- 
motiUy  and  non-Uqtiefying;  it  does  not  form  spores.  It  grows  most 
freely  in  the  presence  of  oxygen,  but  is  also  a  facultative  anaerobic. 

Development  occurs  in  various  culture  media  at  a  temperature  of 
from  20**  to  42°  C,  the  most  favorable  temperature  being  about  35°  C. 
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It  grows  readily  in  nutrient  gelatin  having  a  slightly  alkaline  reac- 
tion, in  nutrient  agar,  glycerin-agar,  or  in  alkaline  bouillon,  but  the 
most  favorable  medium  appears  to  be  that  first  recommended  by 
Loffler — ^viz.,  a  mixture  of  three 

parts  of  blood  serum  with  one  part  "        T' 

of  bouillon,  containing  one  per  cent 
of  peptone,  one  per  cent  of  grape 
sugar,  and  0.5  per  cent  of  sodium 
chloride.  This  mixtiu-e  is  steril- 
ized and  soUdified  at  a  low  tem- 
perature, as  is  usual  with  blood 
serum.  Upon  this  the  develop- 
ment is  so  rapid  in  the  incubating  Fio.  115.— colonies  of  Bacillus  dlphtherlsB 
^ xi i     ^x   xx^^   ^_  1    ^£  x,„^^i.„        in  nutrient  agar,  end  of  twenty >f our  hours. 

oven  that,  at  the  end  of  twenty-     ^  ^^    (FrftnkeikndPfeiffer.) 
four  hours,  the  large,  round,  ele- 
vated colonies,  of  a  grayish-white  color  and  moist  appearance,  may 
be  easily  recognized,  while  other  associated  bacteria  will,  as  a  rule, 
not  yet  have  developed  colonies  large  enough  to  interfere  with  the 
recognition  of  these. 

Upon  nutrient  agar  plates  the  deep-lying  colonies,  when  magni- 
fied about  eighty  diameters,  appear  as  round  or  oval,  coarsely  granu- 
lar discs,  with  rather  ill-defined  margins,  or,  when  several  colonies 
are  in  juxtaposition,  as  figures  of  irregular  form.     The  superficial  col- 
onies are  grayish-yellow  in  color,  have  an  irregular,  not  well-defined 
outline  and  a  rough,  almost  reticulated  surface.     The  growth  upon 
glycerin-agar  is  very  similar.     The  first  inoculations  in  a  plain  nu- 
trient agar  tube  often  give  a  comparatively  feeble  gn^owth,  which  be- 
comes more  abundant  in  subsequent  inoculations  in  the  same  medium. 
In  stick  cultures  in  glycerin — or  plain — agar,  growth  occurs  to  the 
bottom  of  the  line  of  inoculation,  and  also  upon  the  surface,  but  is 
not  at  all  characteristic.     The  same  may  be  said  with  reference  to 
cultures  in  nutrient  gelatin.     Plate  cultures  in  this  medium  contain- 
ing fifteen  per  cent  of  gelatin,  at  24°  C,  give  rather  small  colonies, 
which  are  white  by  reflected  Ught  and  under  the  microscope  are  seen 
as  yellowish-brown,  opaque  discs,  having  a  more  or  less  irregular 
outline  and  a  granular  structure.     In  alkaline  bouillon  the  growth  is 
sometimes  in  the  form  of  small,  whitish  masses  along  the  sides  and 
bottom  of  the  tube,  but  at  others  a  diffusely  clouded  growth  occurs 
in  this  medium ;  after  standing  for  some  time  in  the  incubating  oven 
a  thin,  white  peUicle  may  form  upon  the  surface  of  the  bouillon. 
The  reaction  of  the  bouillon  becomes  at  first  acid,  but  later  it  has  an 
alkaline  reaction  (Welch).     With  reference  to  the  growth  onpotato, 
authors  have  differed,  probably  because  the  growth  is  scarcely  vis- 
ible ;  upon  this  point  we  quote  from  Welch  and  Abbott : 
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'*  Our  experience  has  been  that  the  Bacillusdiphtheriae  grows  on  ordinair 
steamed  potato  without  any  preliminary  treatment,  but  tlutt  the  growth  is 
usually  entirely  invisible  or  is  indicated  bv  a  dry,  thin  glaze  after  several 
days.  Doubtless  the  invisible  character  of  the  growth  has  led  most  observers 
into  the  error  of  supposing  that  no  growth  existed,  whereas  the  microscopi- 
cal examination  reveals  a  tolerably  abundant  growth,  which  on  the  first  po- 
tato is  often  feebler  than  on  succeeding  ones.  Irregular  forms  are  par- 
ticularly numerous  in  potato  cultures,  and  in  general  the  rods  are  thicker 
than  on  other  media.  In  twenty-four  hours,  at  a  temperature  of  35"  C, 
microscopical  examination  shows  distinct  growth.  We  have  cultivated  the 
bacillus  for  many  generations  on  potato." 

Milk  is  a  favorable  medium  for  the  growth  of  this  bacilluB,  and, 
as  it  grows  at  a  comparatively  low  temperature  (20""  C),  it  is  evi- 
dent that  this  fluid  may.  become  a  medium  for  conveying  the  bacillus 
from  an  infected  source  to  the  throats  of  previously  healthy  children. 

Cultures  of  the  diphtheria  bacillus  may  retain  their  vitality  for 
several  months,  and  when  dried  upon  silk  threads  for  several  weeks 
colonies  are  still  developed  in  a  suitable  medium — ^in  the  room  from 
three  to  four  weeks,  in  an  exsiccator  five  to  ten,  and  in  one  instance 
fourteen  weeks.  In  dried  diphtheritic  membrane,  preserved  in  small 
fragments,  the  bacillus  retained  its  vitality  for  nine  weeks,  and  in 
larger  fragments  for  twelve  to  fourteen  weeks. 

The  thermal  death-point,  as  determined  by  Welch  and  Abbott,  is 
58°  C,  the  time  of  exposure  being  ten  minutes.  Ldffler  had  previ- 
ously found  that  it  did  not  survive  exposure  for  half  an  hour  to  60*" 
C.  With  reference  to  the  action  of  germicidal  and  antiseptic  agents, 
we  refer  to  the  sections  in  Part  Second  relating  to  this  subject. 

Pathogenesis. — In  view  of  the  evidence  heretofore  recorded,  it 
may  be  considered  as  demonstrated  that  this  bacillus  gives  rise  to 
the  morbid  phenomena  which  characterize  the  fatal  disease  in  man 
known  as  diphtheria. 

We  have  already  referred  to  the  effects  of  inoculations  into  the 
trachea  in  rabbits  and  cats,  which  give  rise  to  a  characteristic  diph- 
theritic inflammation,  with  general  toxaemia  and  death  from  the 
absorption  of  soluble  toxic  products  formed  at  the  seat  of  local  in- 
fection. This  inference  as  to  the  cause  of  death  seems  justified  by 
the  fact  that  the  pathogenic  bacillus  does  not  invade  the  blood  and 
tissues,  and  is  supported  by  additional  experimental  evidence  which 
we  give  below.  Subcutaneous  inoculations  in  guinea-pigs  of  a  small 
quantity  of  a  pure  culture  of  the  bacillus  (0.1  to  0.5  cubic  centime- 
tre of  a  bouillon  culture)  cause  death  in  from  one  to  four  or  five 
days.  The  usual  changes  observed  at  the  autopsy  are  "  an  exten- 
sive local  oedema  with  more  or  less  hypersemia  and  ecchymosis  at 
the  site  of  inoculation,  frequently  swollen  and  reddened  lymphatic 
glands,  increased  serous  fluid  in  the  peritoneum,  pleura,  and  pericar- 
dium, enlarged  and  haemorrhag^c  suprarenal  capsules,   occasionally 
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slightly  swollen  spleen,  sometimes  fatty  degenerations  in  the  liver, 
kidney,  and  myocardium.  We  have  always  found  the  Loffler  ba- 
cilli at  the  seat  of  inoculation,  most  abundant  in  a  grayish-white, 
fibrino-purulent  exudate  present  at  the  point  of  inoculation,  and  be- 
coming fewer  at  a  distance  from  this,  so  that  the  more  remote  parts 
of  the  oedematous  fluid  do  not  contain  any  bacilli  "  (Welch  and  Ab- 
bott). The  authors  quoted  agree  with  Loffler  and  others  in  stating 
that  the  bacillus  is  only  found  at  the  point  of  inoculation.  In  all 
cases  their  cultures  from  the  blood  and  from  the  various  organs  gave 
a  negative  result. 

Rabbits  are  not  so  susceptible  and  may  recover  after  the  subcu- 
taneous inoculation  of  very  small  doses,  but  usually  die  in  from  four 
to  twenty  days  when  two  to  four  cubic  centimetres  of  a  bouillon 
culture  have  been  introduced  beneath  the  skiiu  In  these  animals 
also  there  is  an  extensive  local  oedema,  enlai^ment  of  the  neigh- 
boring lymphatic  glands,  and  a  fatty  degeneration  of  the  liver. 
Roux  and  Yersin  have  shown  that  in  these  animals,  when  death 
does  not  ensue  too  quickly,  paralysis  of  the  posterior  extremities  fre- 
quently occurs,  thus  completing  the  experimental  proof  of  the  spe- 
cific pathogenic  power  of  pure  cultures  of  this  bacillus. 

Similar  symptoms  are  produced  in  pigeons  by  the  subcutaneous 
inoculation  of  0.5  cubic  centimetre  or  more,  but  they  commonly  re- 
cover when  the  quantity  is  reduced  to  0.2  cubic  centimetre  (Roux 
and  Yersin). 

The  rat  and  the  mouse  have  a  remarkable  immunity  from  the 
effects  of  this  poison.  Thus,  according  to  Roux  and  Yersin,  a  dose 
of  two  cubic  centimetres,  which  would  kill  in  sixty  hours  a  rabbit 
weighing  three  kilogrammes,  is  without  effect  upon  a  mouse  which 
weighs  only  ten  grammes. 

Old  cultures  are  somewhat  less  virulent  than  fresh  ones,  but  when 
replanted  in  a  fresh  culture  medium  they  manifest  their  original 
virulence.  Thus  a  culture  upon  blood  serum  which  was  five  months 
old  was  found  by  Roux  and  Yersin  to  kill  a  guinea-pig  in  five  days, 
but  when  replanted  it  killed  a  second  animal  of  the  same  species  in 
twenty-four  hours. 

Evidently  a  microorganism  which  destroys  the  life  of  a  suscepti- 
ble animal  when  injected  beneath  its  skin  in  small  quantity,  and 
which  nevertheless  is  only  found  in  the  vicinity  of  the  point  of  in- 
oculation, must  owe  its  pathogenic  power  to  the  formation  of  some 
potent  toxic  substance,  which  being  absorbed  gives  rise  to  toxaemia 
and  death.  This  inference  in  the  case  of  the  diphtheria  bacillus  is 
ftJly  sustained  by  the  results  of  recent  experimental  investigations. 
Roux  and  Yersin  (1888)  first  demonstrated  the  pathogenic  power  of 
cultures  which  had  been  filtered  through  porous  porcelain.     Old 
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cultures  were  found  by  these  experimenters  to  contain  moi 
toxic  substance  than  recent  ones,  and  to  cause  the  death  of  a 
pig  in  the  dose  of  two  cubic  centimetres  in  less  than  twe 
hours.  The  filtered  cultures  produced  in  these  animals  t" 
effects  as  those  containing  the  bacilli — ^local  oedema,  haBm< 
congestion  of  the  organs,  effusion  into  the  pleural  cavity, 
what  larger  doses  were  fatal  to  rabbits,  and  a  few  drops 
subcutaneously  sufficed  to  kill  a  small  bird  within  a  few  ho 
their  second  paper  (1889)  the  authors  mentioned  state  that  so 
the  reaction  of  a  culture  in  bouillon  is  acid  its  toxic  power 
paratively  slight,  but  that  in  old  cultures  the  reaction  is  i 
and  in  these  the  toxic  potency  is  greatly  augmented.  With 
culture,  filtered  after  having  been  kept  for  thirty  days,  a 
one-eighth  of  a  cubic  centimetre,  injected  subcutaneously, 
to  kill  a  guinea-pig ;  and  in  larger  amounts  it  proved  to 
to  dogs  when  injected  directly  into  the  circulation  through  a 

The  same  authors,  in  discussing  the  nature  of  the  poison 
filtered  cultures,  infer  that  it  is  related  to  the  diastases,  ai 
that  its  toxic  potency  is  very  much  reduced  by  exposure  to 
paratively  low  temperature — 58°  C.  for  two  hours — and  cor 
destroyed  by  the  boiling  temperature — 100°  for  twenty  minu 
was  found  to  be  insoluble  in  alcohol,  and  the  precipitate  obta 
adding  alcohol  to  an  old  culture  proved  to  contain  the  to; 
stance.     Loffler  also  has  obtained,  by  adding  five  volumes 
hoi  to  one  of  a  pure  culture,  a  white  precipitate,  soluble  in 
which  killed  rabbits  in  the  dose  of  0. 1  to  0. 2  gramme  when  : 
beneath  the  skin  of  these  animals.     It  gave  rise  to  a  local 
and  necrosis  of  the  skin  in  the  vicinity  of  the  point  of  inoc 
and  to  hyperaemia  of  the  internal  organs.    This  deadly  toxine 
to  be  an  albuminoid  substance,  but  its  exact  chemical  com 
has  not  yet  been  determined. 

Brieger  and  Frankel  have  succeeded  in  rendering  guii 
inunune  against  virulent  cultures  of  the  diphtheria  bacillus  b] 
ing  bouillon  cultures  three  weeks  old,  which  had  been  steril 
exposure  for  an  hour  to  60°  to  70°  C,  into  the  subcutaneous 
(ten  to  twenty  cubic  centimetres).  At  first  the  susceptibilitj 
animal  is  rather  increased  than  diminished,  but  at  the  end 
weeks  immunity  is  said  to  be  complete.  Frankel  is  of  the 
that  immunity  results  from  the  introduction  of  a  substance  ^ 
not  identical  with  the  toxic  product  to  which  the  cultures  o\\ 
pathogenic  power.  This  latter  is  destroyed  by  a  temperatun 
to  60°  C,  while  the  substance  which  gives  immunity  is  still 
in  the  cultures  after  exposure  to  a  temperature  of  60°  to  70°,  at 
by  the  protective  results  of  inoculations  made  with  such  culti] 


It 
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The  recent  researches  of  Behring  show  that  the  blood  of  immime 
animals  contains  some  substance  which  neutralizes  the  toxic  product 
contained  in  virulent  cultures  of  the  diphtheria  bacillus.  This  eflfect 
is  said  to  be  produced  when  blood  from  such  an  animal  is  added  to  a 
filtered  culture  without  the  body,  as  well  as  when  the  culture  is  in- 
jected into  the  living  animal.  This  remarkable  fact,  if  fully  con- 
firmed by  further  investigations,  opens  up  a  new  field  of  experimen- 
tal research,  and  may  lead  to  important  results  in  the  therapeutics  of 
this  and  other  infectious  diseases. 

According  to  Roux  and  Yersin,  '*  attenuated  varieties  ^'  of  the 
diphtheria  bacillus  maybe  obtained  by  cultivating  it  at  a  temperature 
of  39.5°  to  40°  C.  in  a  current  of  air ;  and  these  authors  suggest  that 
a  similar  attenuation  of  pathogenic  power  may  occur  in  the  fauces  of 
convalescents  from  the  disease,  and  that  possibly  the  similar  non- 
pathogenic bacilli  which  have  been  described  by  various  investiga- 
tors have  originated  in  this  way  from  the  true  diphtheria  bacillus. 
These  authors  further  state,  in  favor  of  this  view,  that  from  diphtheri- 
tic false  membrane,  preserved  by  them  in  a  desiccated  condition  for 
five  months,  they  obtained  numerous  colonies  of  the  bacillus  in  ques- 
tion, but  that  the  cultures  were  destitute  of  pathogenic  virulence. 
They  say: 

"It  is  then  possible,  by  commencing  with  a  virulent  bacillus  of 
diphtheria,  to  obtain  artificially  a  bacillus  without  virulence,  quite 
similar  to  the  attenuated  bacilli  which  may  be  obtained  from  a  benign 
diphtheritic  angina,  or  even  from  the  mouth  of  certain  persons  in 
good  health.  This  microbe,  obtained  artificially,  resembles  com- 
pletely the  pseudo-diphtheritic  bacillus  ;  like  it,  it  grows  more  abun- 
dantly at  a  low  temperature;  it  renders  bouillon  more  rapidly  alkaline; 
it  grows  with  difficulty  in  the  absence  of  oxygen." 

48.    PSEUDO-DIPHTHERITIC   BACILLUS. 

Loffler,  Von  Hoffmann,  and  others  have  reported  finding  bacilli 
which  closely  resemble  the  Bacillus  diphtheriae,  but  which  differ 
from  it  chiefly  in  being  non-pathogenic.  The  following  account  we 
take  from  the  latest  paper  upon  the  subject  by  Roux  and  Yersin 
(troisidme  memoire,  1890). 

Found  by  Roux  and  Yersin  in  mucus  from  the  pharynx  and  ton- 
sils of  children— from  forty-five  children  in  Paris  hospitals,  suffering 
from  various  affections,  not  diphtheritic,  fifteen  times ;  from  fifty- 
nine  healthy  children  in  a  village  school  on  the  seaboard,  twenty-six 
times.  Of  six  children  with  a  simple  angina  but  two  furnished  cul- 
tures of  this  bacillus,  while  it  was  obtained  in  five  out  of  seven  cases 
of  measles. 
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Its  characters  are  given  as  follows : 

'*  The  colonies  of  the  pseudo -diphtheritic  bacillus,  cultivated 
serum,  are  identical  with  the  true  diphtheria  bacillus.  At  a  tem 
33**  to  35"  multiplication  is  rapid,  and  it  continues  at  the  ordina 
ture,  although  slowly.  Under  the  microscope  the  appearanceof 
which  forms  these  colonies  is  the  same  as  that  of  &cillus  dipl 
stains  readily  with  Loffler's  solution  of  methylene  blue,  and  ii 
Gramas  method.  Sometimes  it  colors  uniformly,  at  others  it  app 
lar.  It  grows  in  alkaline  bouillon,  giving  a  deposit  upon  the  t 
vessel  containing  the  culture,  and  in  this  medium  often  presents 
forms,  pear-sha^d,  or  club-shaped.  It  is  destroyed  in  a  liauid  n 
temperature  of  58^  C.  maintained  for  ten  minutes.  All  or  these 
are  common  to  the  pseudo-diphtheritic  bacillus  and  the  true  Bacilj 
riae.  As  a  difference  between  them  we  may  note  that  the  pseudo- 
bacillus  is  often  shorter  in  colonies  grown  upon  blood  serum ;  thai 
in  bouillon  are  more  abundant ;  that  they  continue  at  a  temperati 
22\  at  which  the  true  bacillus  grows  very  slowly.  When  we  n 
parison  of  cultures  in  bouillon  they  become  acid  and  then  alkali 
change  occurs  much  sooner  in  the  case  of  the  pseudo-diphtherii 
Like  the  true  baciUus,  the  pseudo- diphtheritic  grows  in  a  vacuu: 
abundantly  than  the  other. 

*'  Inoculations  into  animals  of  cultures  of  this  bacillus  have  n 
their  death ;  but  we  may  remark  that  in  some  experiments  a  notf 
has  been  produced  in  guinea-pigs  at  the  point  of  inoculation,  whi 
there  has  oeen  no  locsu  lesion.  The  most  marked  oedema  resulte 
tures  obtained  from  cases  of  measles. 

**  Do  the  facts  which  we  have  reported  explain  the  question  whi 
us  ?  Can  we  conclude  that  there  is  a  relation  between  the  two  h 
the  one  side,  the  presence  of  the  pseudo-diphtheritic  bacillus  in  th 
healthy  persons^  and  of  those  who  have  anginas  manifestly  not  d 
seems  to  be  opposed  to  the  idea  of  a  relationship  between  thei 
other  hand,  wnen  we  consider  that  the  non- virulent  bacillus  is  v 
fatal  diphtheria,  that  it  is  more  abundant  in  benign  diphtheria, 
comes  more  common  in  severe  cases  as  they  progress  towards  rea 
11  nail V,  that  they  are  more  numerous  in  persons  who  have  re 
diphtheria  than  in  healthy  persons,  it  is  dimcult  to  accept  the  id 
two  microbes  are  entirely  aistinct.  The  morphological  differei 
have  been  referred  to  are  so  slight  that  they  prove  nothing.  The 
organisms  can  only  be  distinguished  by  their  action  upon  anima 
difference  of  virulence  does  not  at  all  correspond  with  the  differ* 

fin.  As  regards  the  form  and  the  aspect  of  cultures,  the  tru< 
iphtheria  bacilli  differ  less  than  virulent  anthrax  differs  from  av 
ated  anthrax  bacillus,  which,  however,  originate  from  the  sa 
Besides,  the  sharp  distinction  which  we  make  between  the  virulei 
virulent  bacilli  is  arbitrary ;  it  depends  upon  the  susceptibility 
pigs.  If  we  inoculate  animals  still  more  susceptible,  thei-e  are  pi 
theritic  bacilli  which  we  must  class  as  virulent;  and  if,  on  the  cc 
substitute  rabbits  for  guinea  pigs  in  our  experiments,  there  are  c 
bacilli  which  we  must  call  pseudo-diphtheritic.  In  our  experim 
not  simply  encounter  bacilli  which  are  very  virulent  and  bacilli 
non- virulent;  between  these  two  extremes  there  are  bacilli  of  e^ 
of  virulence. " 

Abbott  has  recently  (1891)  published  the  result  of  his 
with  reference  to  the  presence  of  the  pseudo-diphtheritic  1 
benign  throat  affections.     He  made  a  bacteriological  stud 
three  patients,  nine  of  whom  were  suffering  from  acute  ph 
fourteen  from  acute  follicular  tonsillitis,  eight  from  ordi 
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nasal  catarrh,  two  from  simple  enlarged  tonsils,  fifteen  from  chronic 
pharyngitis,  one  from  subacute  laryngitis,  one  from  chronic  laryngi- 
tis, one  from  rhinitis,  and  two  from  an  affection  of  the  tonsils  and 
pharynx.  In  forty-nine  cases  nothing  of  particular  interest  was  ob- 
served. A  variety  of  microorganisms  were  isolated,  and  of  these 
the  pyogenic  micrococci  were  the  most  common. 

In  four  cases  microorganisms  were  found  which  resembled  the 
Bacillus  diphtheriae  of  Loffler  in  their  morphology  and  growth  in  cul- 
ture media,  but  which  proved  not  to  be  pathogenic.  Abbott  says  : 
''  The  single  point  of  distinction  that  can  be  made  out  between  the 
organisms  obtained  from  Cases  I.,  III.,  and  IV.  and  the  true  bacil- 
lus of  diphtheria  is  in  the  absence  of  pathogenic  properties  from  the 
former,  whereas  in  addition  to  this  point  of  distinction  the  organism 
from  Case  II.  gives,  as  has  been  stated,  a  decided  and  distinct 
growth  upon  the  surface  of  sterilized  potato. '' 

49.   BACILLUS  DIPHTHERIA  COLUMBRARUM. 

Described  by  Loffler  (1884),  who  obtained  it  from  diphtheritic  pseudo-mem- 
branes  in  the  mouths  of  pigeons  dead  from  an  infectious  form  of  diphtheria 
which  prevails  in  some  parts  of  Germany  among  these  birds  ana  among 
chickens. 

Reddened  patches  first  appear  upon  the  mucous  membrane  of  the  mouth 
and  fauces,  and  these  are  covered  later  with  a  rather  thick,  yellowish  layer 
of  fibrinous  exudate.  In  pigeons  the  back  part  of  the  toneue,  the  fauces, 
and  the  comers  of  the  mouth  are  especially  afPected;  in  chickens  the  tongue, 
the  gums,  the  nares,  the  larynx,  and  the  conjunctival  mucous  membrane. 
The  disease  is  especially  fatal  amon^  chickens,  the  voung  fowls  and  those  of 
choice  varieties  being  most  susceptiole.  It  is  attended  at  the  outset  by  fever, 
and  usually  proves  fiital  within  two  or  three  weeks,  but  may  la^t  for  several 
months. 

Morphology, — Short  bacilli  with  rounded  ends,  usually  associated  in  ir- 
regular masses,  and  resembling  the  bacilli  of  rabbit  septicaemia  (fowl 
cholera),  but  a  little  longer  and  not  quite  so  broad.  In  sections  from  the 
liver  they  are  seen  in  irregular  groups  in  the  interior  of  the  vessels. 

Biological  Characters. — An  aerobic,  non-motile,  non-liquefy ifigh&ciWus, 

Grows  in  nutrient  gelatin  in  the  form  of  spherical,  white  colonies  along 
the  line  of  puncture,  and  upon  the  surface  as  a  whitish  laver.  Under  the 
m^icroscope  the  colonies  in  gelatin  plates  have  a  yellowish-brown  color  and 
a  slightly  granular  surface.  Upon  blood  serum  the  growth  consists  of  a 
semi-transparent,  grayish- white  layer.  Upon  potato  a  thin  layer  is  formed 
having  a  grayish  tint. 

Pathogenesis. — ^Pigeons  inoculated  with  a  pure  culture  in  the  mucous 
membrane  of  the  mouth  are  afiPected  exactly  as  are  those  which  acquire  the 
disease  naturally.  Subcutaneous  inoculations  in  pigeons  ^ve  rise  to  an  in- 
flammation resulting  in  local  necrotic  changes.  Pathogenic  for  i*abbits  and 
for  mice.  Subcutaneous  injections  in  mice  give  rise  toa  fatal  result  in  about 
five  days.  The  bacillus  is  found  in  the  blood  and  in  the  various  organs,  in 
the  interior  of  the  vessels,  and  sometimes  in  the  interior  of  the  leucocytes ; 
they  are  especisdly  numerous  in  the  liver.  The  lungs  are  dotted  with  red 
spots,  the  spleen  is  greatly  enlarged,  and  the  liver  has  a  marbled  appearance 
from  the  presence  of  numerous  irregular  white  masses  scattered  through  the 
pale-red  parenchyma  of  the  organ.  These  white  masses  are  seen,  in  sec- 
tions, to  consist  of  necrotic  liver  tissue,  la  the  centre  of  which  the  bacilli 
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are  found  in  great  numbers,  in  the  interior  of  the  vessels.  This  ap 
is  so  characteristic  that  Loffler  considers  inoculations  in  mice  to  be 
reliable  method  of  establishing  the  identity  of  the  bacillus.  Not  ps 
for  chickens,  guinea-pigs,  rats,  or  dogs. 

There  seems  to  be  some  doubt  whether  the  form  of  diphtheria  wl 
vails  amon^  pieeons,  and  which  Loffler  has  shown  to  be  due  to  the 
above  descnbea,  is  identical  with  the  diphtheria  of  chickens.  Diph 
man  has  been  supposed  by  some  authors  to  be  identical  with  thi 
prevails  among  fowls,  and  possibly  this  may  be  the  case  under  ce 
cumstances.  Sut  the  evidence  seems  to  be  convincing  that  th( 
infectious  diphtheria  of  fowls  which  is  peculiar  to  them,  and  whic 
ordinary  circumstances,  is  not  communicated  to  man. 

50.    BACILLUS  DIPHTHERIiE  VITULORUM. 

Described  b^  LoflSer  (1884)  and  obtained  by  him  from  the  pseu 
branous  exudation  in  the  mouths  of  calves  sufPeriug  from  an  infecti 
of  diphtheria.  The  disease  is  characterized  bv  the  appearance  o 
patches  upon  the  mucous  membrane  of  the  cneeks,  the  gums,  the 
and  sometimes  of  the  larynx  and  nares  of  infected  animals.  There 
lowish  dischar^  from  the  nose,  an  abundant  flow  of  saliva,  occas 
tacks  of  coughing,  and  diarrhoea.  Death  may  occur  at  the  end  oi 
five  days,  but  usuallv  the  animal  survives  for  several  weelra.  Dip 
patches  similar  to  tnose  in  the  mouth  are  also  found  in  the  large  i 
and  scattered  abscesses  in  the  lungs. 

lioffler,  in  a  series  of  seven  cases  examined,  obtained  from  the  dei 
tions  of  the  pseudo-membranous  deposit  a  long  bacillus  which  appe^ 
the  cause  of  the  disease. 

Morphology, — Bacilli,  five  to  six  times  as  long  as  broad,  usuallv  i 
long  filaments.  The  diameter  of  the  rods  is  about  half  that  of  the 
of  malignant  oedema. 

Biological  Characters.— Attempts  to  cultivate  this  bacillus  in 
gelatin,  blood  serum  from  sheep,  and  various  other  media  were  unsu 
But  when  fragments  of  tissue  containing  the  bacillus  were  placed 
serum  from  tne  calf  a  whitish  border,  consisting  of  the  long  bacilli, 
veloped.  These  could  not,  however,  be  made  to  grow  when  trans 
fresh  blood  serum. 

Pathogenesis. —  Mice  inoculated  subcutaneously  with  the  frej 
theritic  exudation  died  in  from  seven  to  thirty  days.  The  autopsy  i 
an  extensive  infiltration  of  the  entire  walls  of  the  abdomen,  whicn  of  I 
trated  the  peritoneal  cavity  and  enveloped  the  liver,  the  kidneys, 
intestine  in  a  yellowish  exudate.  The  bacillus  was  found  in  this 
and  by  inoculating  a  little  of  it  into  another  animal  of  the  same 
similar  result  was  obtained.     Not  pathogenic  for  rabbits  or  guinea-p 

61.   BACILLUS  OF  INTESTINAL  DIPHTHERIA  IN  RABBIT 

Described  by  Ribbert  (1887)  and  obtained  by  him  from  the  organ 
bits  which  succumbed  to  an  affection  characterized  by  a  diphtheritic 
mation  of  the  mucous  membrane  of  the  intestine.  The  autopsy  reve; 
swelling  of  the  mesenteric  glands  and  minute  necrotic  foci  in  the  h 
spleen. 

Morphology. — Bacilli  with  slightly  rounded  ends,  from  three  t 
lon^  and  1  to  1.4  ^  in  diameter;  often  united  in  pairs  or  in  filame 
taining  several  elements. 

Stains  with  the  aniline  colors,  but  not  so  readily  in  sections 
other  microorganisms.     Ribbert  recommends  staining  with  anilis 
fuchsin  solution,  washing  in  water,  then  placing  the  sections  in  xm 
blue  solution,   and  decolorizing  in  alcohol.     Does  not  stain  by 
method. 
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Biological  Characters, — An  aerobic,  non-liquefying  (non -motile  0  ba- 
cillus. Upon  gelatin  plates  semi-transparent,  grayish  colonies  are  formed, 
which  later  have  a  brownish  color;  the  surface  of  these  is  finely  granular 
and  of  a  pearly  lustre.  In  stick  cultures  in  nutrient  gelatin  the  growth 
along  the  line  of  puncture  is  very  scanty.  On  potato  a  flat,  whitish  layer  is 
formed,  which  extends  slowly  over  the  surface.  Grows  best  at  a  temperature 
of  30  to  35' C. 

Pathogenesis. — Pure  cultures  injected  into  the  peritoneal  cavity  or  sub- 
cutaneously  in  rabbits  caused  the  death  of  these  animals  in  from  three  to 
fourteen  days,  according  to  the  quantity  injected.  At  the  autopsy  necrotic 
foci  are  found  in  the  liver  and  spleen,  and  the  mesenteric  glands  arid  en- 
larged, but  the  intestine  presents  a  nealthv  appearance.  But  when  cultures 
are  introduced  into  the  alimentary  canal  the  characteristic  diphtheritic  in- 
flammation of  the  mucous  membrane  of  the  intestine  is  induced.  This  re- 
sult was  obtained  both  by  direct  injection  into  the  lumen  of  the  intestine 
and  by  injecting  cultures  into  the  mouth. 
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X. 
BACTERIA  IN  INFLUENZA. 

A  NUMBER  of  bacteriologists  have  made  careful  research 
the  recent  extended  epidemic  of  influenza,  and  quite  recen 
a  bacillus  has  been  discovered,  both  by  Pfeiflfer  and  by  ( 
Berlin,  which  there  is  good  reason  to  beUeve  is  the  specific 
this  disease.  Before  describing  this  we  shall  refer  briefly  t< 
researches. 

Babes  has  described  no  less  than  seventeen  distinct  species  o 
isolated  by  him,  principally  from  nasal  or  bronchial  mucus.  Ad 
a  considerable  number  closely  resemble  Streptococcus  pyogenes 
coccus  pneumoniae  crouposae.  No  one  form  was  found  with  suffi 
stancv  to  justify  the  inference  that  it  was  the  specific  cause  of  the 

Klebs,  in  examining  blood  drawn  from  the  finjg^rs  of  patients 
enza,  observed  an  enormous  number  of  small,  actively  motile,  big 
tive  bodies,  which  in  their  size,  form,  and  movements  corresponds 
with  similar  bodies  previously  observed  by  him  in  the  blood  of  pa 
pernicious  anaemia,  out  which  were  far  more  numerous.  These 
believed  by  Klebs  to  be  flagellate  infusoria  (**flagellata  ").  The 
tions  of  other  bsicteriologists  have  not  thus  far  confirmed  those  o 
regards  the  presence  of  microorganisms  of  this  class  in  the  blood 
with  influenza. 

Kowalski,  who  made  bacteriological  researches  in  sixteen  case 
able  to  And  microorganisms  of  any  kind  in  the  blood,  examined 
and  in  dried  preparations.  In  nis  cultures  from  the  nasal,  l 
bronchial  secretions  of  the  sick  he  obtained  in  Ave  cases  Stapl 
pyogenes  atireus,  in  four  Staphylococcus  pyogenes  albus,  in  two 
cus  pneumoniae,"  in  two  Streptococcus  pyogenes,  in  two  Stapl 
pyogenes  citreus,  in  one  Friedlander's  bacillus,  in  one  Staph vloca 
albus,  in  one  Staphylococcus  cereus  flavus.  In  addition  to  these  ] 
three  species  not  previously  described.  One  of  these  he  foun< 
cases  ;  this  grew  upon  the  surface  of  agar  as  small,  transparent 
did  not  grow  upon  potato,  in  sterilized  milk,  or  in  bouillon ;  it  wa 
arranged  in  pairs  or  in  chains,  and  is  designated  by  Kowalski  ^*  G, 
tococcus." 

Prior,  in  a  bacteriological  study  of  fifty- three  cases,  twenty-nin 
were  without  complication  and  twenty-four  complicated  by  p 
found  in  the  sputum  of  uncomplicated  cases,  as  the  most  abundan 
mon  microorganism  at  the  outset  of  the  attack,  Micrococcus  j 
crouposae ;  next  to  this  came  Staphvlococcus  pyogenes  aureus  ai 
coccus  pyogenes;  when  the  acme  oi  the  attack  was  past  the  two  S] 
named  quickly  diminished  in  numbers,  while  streptococci  were  fc 
longer  time.  In  cases  of  croupous  pneumonia  following  influens 
coccus  pneumoniae  "  was  constantly  found  in  great  numoers. 

Fiscnel  (1891)  obtained  in  cultures  from  the  blood  of  two  case 
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ferent  micrococci,  one  of  which  was  pathogenic  for  do^s  and  horses  and  ffave 
rise  to  symptoms  in  these  animals  resembling  those  of  influenza  (see  Micro- 
coccus No.  II.  of  Fischel,  No.  39,  na^  324). 

Kirchner  (1891)  foimd  constantly  m  the  sputum  of  recent  cases  a  diplo* 
coccus  enclosed  in  a  jellv-like  capsule,  which  diifered  in  its  biological  and 
pathological  characters  from  Micrococcus  pneumonisB  croupossd  (see  Micro- 
coccus of  Kirchner,  No.  38,  page  324). 

52.   BACILLUS  OP  INFLUENZA. 

Discovered  by  Pfeiffer  (1892)  in  the  purulent  bronchial  secretion, 
and  by  Canbn  in  the  blood  of  patients  suffering  from  epidemio  in- 
fluenza. Pfeiffer  found  the  bacillus  in  thirty-one  cases  examined  by 
him,  and  in  uncomplicated  cases  it  was  present  in  the  purulent  bron- 
chial secretion  in  immense  numbers  and  in  a  pure  culture.  Canon, 
whose  independent  observations  were  published  at  the  same  time, 
examined  the  blood  of  twenty  influenza  patients  in  stained  prepara- 
tionSy  and  found  the  same  bacillus  in  nearly  all  of  them.  His  method 
of  demonstrating  it  is  as  follows  : 

The  blood  is  spread  upon  clean  glass  covers  in  the  usual  way. 
After  the  preparations  are  thoroughly  dry  they  are  placed  in  abso- 
lute alcohol  for  five  minutes.  They  are  then  transferred  to  the  fol- 
lowing staining  solution  (Czenzynke's) :  concentrated  aqueous  solu- 
tion of  methylene  blue,  forty  grammes ;  one-half -per-cent  solution  of 
eosin  (dissolved  in  seventy-per-cent  alcohol),  twenty  grammes  ;  dis- 
tilled water,  forty  granmies.  The  cover  glasses  immersed  in  this 
staining  solution  are  placed  in  an  incubating  oven  at  37^  C  for  from 
three  to  six  hours,  after  which  they  are  washed  with  water,  dried, 
and  mounted  in  balsam.  In  successful  preparations  the  red  blood 
corpuscles  are  stained  red  by  the  eosin,  and  the  leucocytes  blue.  The 
bacillus  is  seen  in  these  as  a  short  rod,  often  resembling  a  diplococcus. 
It  is  sometimes  seen  in  large  numbers,  but  usually  only  a  few  rods 
are  seen  after  a  long  search — ^f our  to  twenty  in  a  single  preparation. 
In  six  cases  it  was  found  in  numerous  aggregations  containing  from 
five  to  fifty  bacilli  each.  In  these  cases  the  blood  was  drawn  during 
a  fall  of  temperature  or  shortly  after. 

Morphology. — Very  small  bacilli,  having  about  the  same  diameter 
as  the  bacillus  of  mouse  septicsBmia,  but  only  half  as  long.  Solitary 
or  tmited  in  chains  of  three  or  four  elements. 

Stains  with  difficulty  with  the  basic  aniline  dyes — best  with 
dilute  Ziehl's  solution,  or  Loffler's  methylene  blue  solution,  with  heat. 
The  two  ends  of  the  bacilli  are  most  deeply  stained,  causing  them  to 
resemble  diplococci  Pfeiffer  says :  *^  I  am  inclined  to  believe  that 
some  of  the  earUer  observers  also  saw  the  bacilli  described  by  me, 
but  that,  misled  by  their  peculiar  behavior  with  regard  to  staining 
agents,  tiiey  described  them  as  diplococci  or  streptococci''  Do  not 
stain  by  Gram's  method. 
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Biological  Characters. — ^An  aerobic,  non-motile  bacillus, 
not  grow  in  nutrient  gelatin  at  the  room  temperature.  Spore  f  c 
tion  not  observed .  Upon  the  surface  of  glycerin-agar  in  the  inc 
ing  oven  very  small,  transparent,  drop-like  colonies  are  develop 
the  end  of  twenty-four  hours.  These  can  only  be  recognized  b 
aid  of  a  lens.  ^^  A  remarkable  point  about  them  is  that  the  col 
always  remain  separate  from  each  other,  and  do  not,  as  all  < 
species  known  to  me  do,  join  together  and  form  a  continuous 
This  feature  is  so  characteristic  that  the  influenza  UaciUi  c£ 
thereby  with  certainty  distinguished  from  other  bacteria''  (Kitas 
On  1.5  per  cent  sugar-agar  the  colonies  appear  as  extremely  i 
droplets,  clear  as  water,  often  only  recognizable  with  a 
(Pfeiflfer). 

In  bouillon  a  scanty  development  occurs,  and  at  the  end  of  t 
ty-f our  hours  small,  white  particles  are  seen  upon  the  surface,  v 
subsequently  sink  to  the  bottom,  forming  a  white,  woolly  de] 
while  the  bouillon  above  remains  transparent.  This  bacillus 
not  grow  at  temperatures  below  28"^  C. 

Canon  has  obtained  colonies,  resembUng  those  described  by  '. 
sato,  in  cultures  from  the  blood  of  influenza  patients.  His  cul 
were  made  upon  glycerin-agar  in  Petri's  dishes.  Ten  or  twelve  < 
of  blood  from  a  puncture  made  in  the  finger  of  the  patient, 
sterilization  of  the  surface,  were  allowed  to  fall  upon  the  agar  med 
and  this  was  placed  in  the  incubating  oven.  As  the  number  ol 
ciUi  in  the  blood  is  small,  a  considerable  quantity  is  used, 
colonies  are  visible  at  the  end  of  twenty-four  to  forty-eight  hour 

The  influenza  bacillus  is  quickly  destroyed  by  desiccatioi 
pure  culture  diluted  with  water  and  dried  is  destroyed  with 
tainty  in  twenty  hours ;  in  dried  sputum  the  vitality  is  ret« 
somewhat  longer,  but  no  growth  occurs  after  forty  hours, 
thermal  death-point  is  60°  C.  with  five  minutes'  exposure  (Pf< 
and  Beck). 

Pathogenesis, — ^Pfeiflfer  infers  that  this  is  the  specific  caui 
influenza  in  man  for  the  following  reasons  : 

1.  They  were  foimd  in  all  uncompUcated  cases  of  influenzt 
amined,  in  the  characteristic  purulent  bronchial  secretion,  ofte 
absolutely  pure  cultures.  They  were  frequently  situated  in  the 
toplasm  of  the  pus  corpuscles ;  in  fatal  cases  they  were  fouc 
have  penetrated  from  the  bronchial  tubes  into  the  peribronchitis 
sue,  and  even  to  the  surface  of  the  pleura,  where  in  two  cases 
were  found  in  pure  cultures  in  the  purulent  exudation. 

2.  They  were  only  found  in  cases  of  influenza.  Numerous 
trol  experiments  proved  their  absence  in  ordinary  bronchia 
tarrh,  etc. 


Digitized  by  CjOOQIC 


Digitized  by  CjOOQIC 


PLATE   VI 

STERNBERG'S    DACTERIOLOGY. 


Klg.  1. 


ruf.  '-i. 


KiK-  :i. 


v:if 


.'-.' 


Fivf.  5. 


Kltf.  r.. 


PATHOGENIC  BACTERIA. 's^-'^^^GoOgle 


BACTERIA  IN  INFLUENZA.  373 

3.  The  presence  of  the  bacilli  corresponded  with  the  course  of  the 
disease,  and  they  disappeared  with  the  cessation  of  the  purulent 
bronchial  secretion. 

In  his  preliminary  report  of  his  investigations  Pf eiffer  says  : 
"  Numerous  inoculation  experiments  were  made  on  apes,  rabbits, 
guinea-pigs,   rats,  pigeons,  and  mice.     Only  in  apes  and  rabbits 
could  positive  results  be  obtained.     The  other  species  of  animals 
showed  themselves  refractory  to  influenza." 


PLATE  VI. 

PATHOGENIC  BACTERIA. 

Fio.  1.— Bacillus  tuberculoBis  in  giant  cell,  x  1,0()0.  Photomicrograph 
made  at  the  Army  Medical  Museum,  Washington,  by  Gray. 

Fia.  2. — Bacillus  tuberculosis  from  a  culture  ou  glycerin-agar.  x  1,000. 
Photomicrograph  by  Frankel  and  Pfeiffer. 

Fig.  3.— Bacillus  tetani  from  an  agar  culture,  x  1,000.  Photomicro- 
graph by  Frankel  and  Pfeiffer. 

Fig.  4. — Micrococcus  pneumonias  crouposae  in  sputum  of  a  patient  with 
pneumonia,  x  1,000.  Stained  by  Gram's  method.  Photomicrograph  by 
Frankel  and  Pfeiffer. 

Fig.  5.— Bacillus  septicaemia*  hsemorrhagicae  C*  bacillus  of  fowl  cholera") 
in  blood  from  the  heart  of  an  inoculated  pigeon,  x  1,000.  Photomicro- 
graph by  Frankel  and  Pfeiffer. 

Fig.  6.— Bacillus  of  hog  cholera,  showing  flagella.  Stained  by  Lofflers 
method,  x  1,000.  Photomicrograph  made  at  the  Army  Medical  Museum, 
Washington,  by  Gray. 
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In  tuberculosis,  leprosy,  glanders,  and  syphilis  we  have  a  group 
of  infectious  diseases  which  present  many  points  of  resemblance. 
All  run  a  chronic  course ;  all  may  be  communicated  to  susceptible 
animals  by  inoculation ;  in  all,  the  lymphatic  glands  in  the  vicinity 
of  the  point  of  inoculation  become  enlarge,  and  new  growths,  con- 
sisting of  various  cellular  elements  of  a  low  grade  of  vitality,  are  de- 
veloped in  the  tissues  which  are  the  point  of  predilection  for  each  ; 
in  all,  these  new  growths  show  a  tendency  to  degenerative  changes, 
as  a  result  of  which  abscesses,  caseous  masses,  or  open  ulcers  are 
formed. 

In  two  of  the  diseases  in  this  group — ^tuberculosis  and  glan- 
ders— the  infectious  agent  has  been  obtained  in  pure  cultures  and  its 
specific  pathogenic  power  demonstrated  by  inoculations  in  susceptible 
animals;  in  one — ^leprosy — there  is  but  little  doubt  that  the  bacillus  con- 
stantly found  in  the  new  growths  characteristic  of  tiie  disease  bears 
an  etiological  relation  to  it,  although  this  has  not  been  demonstrated, 
the  bacillus  not  having  as  yet  been  cultivated  in  artificial  media. 
The  evidence  with  reference  to  the  parasitic  nature  of  the  fourth  dis- 
ease mentioned  as  belonging  to  this  group — syphilis — is  still  unsatis- 
factory, but  there  is  every  reason  to  believe  that  it  will  also  eventu- 
ally be  proved  to  be  due  to  a  parasitic  microorganism. 

The  annoimcement  of  the  discovery  of  the  tubercle  bacillus  was 
made  by  Koch,  in  March,  1882,  at  a  meeting  of  the  Physiol<^cal 
Society  of  Berlin.  At  the  same  time  satisfactory  experimental  evi- 
dence was  presented  as  to  its  etiological  relation  to  tuberculosis  in 
man  and  in  the  susceptible  lower  animals,  and  its  principal  biologi- 
cal characters  were  given. 

This  achievement,  the  result  of  patient  and  intelligent  scientific 
investigation,  will  always  rank  as  one  of  the  most  important  in  the 
history  of  medicine.  The  previous  demonstration  by  ViUemin  (1865) 
— confirmed  by  Cohnheim  (1877)  and  others — ^that  tuberculosis  might 
be  induced  in  healthy  animals  by  inoculations  of  tuberculous  mate- 
rialy  had  paved  the  way  for  this  great  discovery,  and  advanced 
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pathologists  were  quite  prepared  to  accept  it.  The  more  conservative 
have  since  been  obUged  to  yield  to  the  experimental  evidence,  which 
has  received  confirmation  in  all  parts  of  the  world.  To-day  it  is 
generally  recognized  that  tuberculosis  is  a  specific  infectious  disease 
due  to  the  tubercle  bacillus. 

As  evidence  of  the  thorough  nature  of  Koch's  personal  researches 
in  advance  of  his  first  public  announcement,  we  give  the  following 
resume  of  his  investigations  : 

In  nineteen  cases  of  miliary  tuberculosis  the  bacilli  were  found  in 
the  tubercular  nodules  in  every  instance  ;  also  in  twenty-nine  cases 
of  pulmonary  phthisis,  in  the  sputimi,  in  fresh  cheesy  masses,  and  in 
the  interior  of  recently  formed  cavities ;  in  tuberculous  ulcers  of  the 
tongue,  tuberculosis  of  the  uterus,  testicles,  etc.  ;  in  twenty-one  cases 
of  tuberculous — scrofulous — lymphatic  glands ;  in  thirteen  cases  of 
tuberculous  joints  ;  in  ten  cases  of  tubercular  bone  affections ;  in  four 
cj^es  of  lupus  ;  in  seventeen  cases  of  Perlsucht  in  cattle.  His  ex- 
perimental inoculations  were  made  upon  two  himdred  and  seventy- 
three  guinea-pigs,  one  hundred  and  five  rabbits,  forty-four  field 
mice,  twenty-eight  white  mice,  nineteen  rats,  thirteen  cats,  and  upon 
d^9  pigeons,  chickens,  etc.  Very  extensive  comparative  researches 
were  also  made,  which  convinced  him  that  the  bacillus  which  he  had 
been  able  to  demonstrate  in  tuberculous  sputum  and  tissues  by  a  spe- 
cial mode  of  staining  was  not  to  be  found  in  the  sputa  of  healthy 
persons,  or  of  those  suffering  from  non-tubercular  pulmonary  affec- 
tions, or  in  organs  and  tissues  involved  in  morbid  processes  of  a 
different  nature. 

53.    BACILLUS  TUBERCULOSIS. 

Discovered  by  Koch  (first  public  announcement  of  discovery 
March  24th,  1882).  The  bacilli  are  found  in  the  sputum  of  persons 
suffering  from  pulmonary  or  laryngeal  tuberculosis,  either  free  or  in 
the  interior  of  pus  cells  ;  in  miliary  tubercles  and  fresh  caseous 
masses,  in  the  lungs  or  elsewhere  ;  in  recent  tuberculous  cavities  in 
the  lungs ;  in  tuberculous  glands,  joints,  bones,  and  skin  affections 
(lupus) ;  in  the  lungs  of  cattle  suffering  from  pulmonary  tubercu- 
losis—Perlsucht  ;  and  in  tubercular  nodules  generally  in  animals 
which  are  infected  naturally  or  by  experimental  inoculations. 

In  the  giant  cells  of  tubercular  growths  they  have  a  peculiar  and 
characteristic  position,  being  found,  as  a  rule,  upon  the  side  of  the 
cell  opposite  to  the  nuclei,  which  are  crowded  together  in  a  crescentic 
arrangement  at  the  opposite  pole  of  the  cell  Sometimes  a  single 
bacillus  will  be  found  in  this  position,  or  there  may  be  several. 
Agam,  numerous  bacilli  may  be  f  oimd  in  giant  cells  in  which  the 
nuclei  are  distributed  around  the  periphery.     They  are  more  numer- 


Digitized  by  CjOOQIC 


376  BACILLI  IN  CHRONIC  INFECTIOUS  DISEASES. 

ous  in  tuberculous  growths  of  recent  origin,  and  often  cannot  be 
demonstrated,  by  microscopical  examination,  in  caseous  material 
from  the  centre  of  older  nodules.  But  such  material,  when  inocu- 
lated into  susceptible  animals,  gives  rise  to  tuberculosis,  and  the 
usual  inference  is  that  it  contains  spores  of  the  tubercle  bacillus. 

Morphology. — The  tubercle  bacilli  are  rods  with  rounded  ends, 
of  from  1.5  to  3.5  /i  in  length,  and  are  commonly  slightly  curved  or 

bent  at  an  angle ;  the  diameter  is 
about  0.2  ^.  In  stained  preparations 
unstained  portions  are  frequently 
seen,  which  are  generally  believed  to 
be  spores,  but  this  is  by  no  means 
certain.  From  two  to  six  of  these 
unstained  spaces  may  often  be  seen 
in  a  single  rod,  and  owing  to  this  al- 
ternation of  stained  and  unstained 
portions  the  baciUi  may,  under  a  low 
power,  be  mistaken  for  chains  of  mi- 
crococci   The  rods  are  usually'  soli- 

F.«.  11..  -  B.e«.uH  t«be«»io-a   ^'  ^"*  ™*y  ^  "^*^  ^  ^^:  '*'' 

X  1 ,000.  From  a  photomicrograph.  in  short  chains  containing  three  or  four 

elements.  In  old  cultures  irregular 
forms  may  be  observed,  the  rods  being  sometimes  swollen  at  one 
extremity,  or  presenting  the  appearance  of  having  a  lateral  bud-like 
projection — ^involution  forms. 

The  staining  characters  of  this  bacillus  are  extremely  important 
for  its  diflferentiation  and  recognition  in  preparations  of  sputum,  etc. 
Unlike  most  microorganisms  of  the  same  class,  it  does  not  readily 
take  up  the  aniline  colors,  and  when  stained  it  is  not  easily  decolorized, 
even  by  the  use  of  strong  acids.  The  failure  to  observe  it  in  tuber- 
culous material,  prior  to  Koch's  discovery,  was  no  doubt  due  to  the 
fact  that  it  does  not  stain  in  the  usual  aqueous  solutions  of  the  aniline 
dyes.  Koch  first  recognized  it  in  preparations  placed  in  a  staining 
fluid  to  which  an  alkaU  had  been  added — solution  of  methylene  blue 
with  caustic  potash  ;  but  this  method  was  not  very  satisfactory,  and 
he  promptly  adopted  the  method  devised  by  Ehrlich,  which  consists 
essentially  in  the  use  of  a  solution  of  an  aniline  color — fuchsin  or 
methyl  violet — in  a  saturated  aqueous  solution  of  aniline  oil,  and  de- 
colorization  with  a  solution  of  a  mineral  acid — nitric  acid  one  part  to 
three  parts  of  water. 

The  original  method  of  Ehrlich  gives  very  satisfactory  results, 
but  various  modifications  have  since  been  proposed,  some  of  which 
are  advantageous.  The  carbol-fuchsin  solution  of  Ziehl  is  now 
largely  employed ;  it  has  the  advantage  of  prompt  action  and  of 
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keeping  well.  The  staining  is  effected  more  quickly  if  heat  is  ap- 
plied. The  tubercle  bacilli  stain  by  Gram's  method,  but  this  is  not 
to  be  recommended  for  general  use,  owing  to  the  fact  that  the  pro- 
toplasm of  the  rods  is  frequently  contracted  into  a  series  of  spheri- 
cal, stained  bodies,  which  might  easily  be  mistaken  for  micrococci. 

The  examination  of  sputum  for  the  presence  of  the  tubercle  ba- 
cillus is  recognized  as  a  most  important  procedure  for  the  early  diag- 
nosis of  pulmonary  tuberculosis.     It  is  at- 
tended with  no  special  diflficulties,  and  every 
physician  should  be  acquainted  with  the 
technique. 

The  patient  phould  be  directed  to  expec-       V^    "X     ^^ 
torate  into  a  clean,  wide-mouthed  bottle  or  i    /^nTsT^f 

glass-covered  jar  the  material  coughed  up  V^T*  \  — ^  ~^\\ 
from  the  lungs,  and  especially,  in  recent  /  I'sT'^Sfciw  "^^ 
cases,  that  which  is  coughed  up  upon  first  I  \  J\^i^^^.  \ 
rising  in  the  morning.  This  should  be  ***^  /  ^  >  ^jp"^  ' 
placed  in  the  physician's  hands  as  promptly  fio.  iiT.-Bacmus  tubercqio- 
as  possible ;  although  a  delay  of  some  days  ^^j^^"^'  ""  *'^'  ^^"^" 
does  not  vitiate  the  result,  and  the  tubercle 

bacilli  may  still  be  demonstrated  after  the  sputum  has  undergone  pu- 
trefaction. It  is  well  to  pour  the  specimen  into  a  clean,  shallow  vessel 
having  a  blackened  bottom — a  Petri's  dish  placed  upon  a  piece  of  dead- 
black  paper  will  answer  very  well.  In  tuberculous  sputum  small,  len- 
ticular masses  of  a  yellowish  color  may  usually  be  observed,  and  one 
of  these  should  be  selected  for  microscopical  examination,  by  picking 
it  up  with  a  platinum  needle  and  freeing  it  as  far  as  possible  from 
the  tenacious  mucus  in  which  it  is  embedded.  If  such  masses  are 
not  recognized  take  any  purulent-looking  material  present  in  the 
specimen,  whether  it  be  in  small  specks  distributed  through  the  mu- 
cus, or  in  larger  masses.  A  little  of  the  selected  material  should  be 
placed  in  the  centre  of  a  clean  cover  glass  and  another  thin  glass 
cover  placed  over  it.  By  pressure  and  a  to-and-fro  motion  the  mate- 
rial is  crushed  and  distributed  as  evenly  as  possible ;  the  glasses  are 
then  separated  by  a  sliding  motion.  The  film  is  permitted  to  dry  by 
exposure  in  the  air.  When  dry  the  cover  glass,  held  in  forceps,  is 
passed  three  times  through  the  flame  of  an  alcohol  lamp  or  Bunsen 
burner  to  fix  the  albuminous  coating.  Too  much  heat  causes  the  film 
to  turn  brown  and  ruins  the  preparation.  The  staining  fiuid  (Ziehl's 
carbol-fuchsin)  may  then  be  poured  upon  the  cover  glass,  or  this  may 
^>e  floated  upon  the  surface  of  the  fluid  contained  in  a  shallow  watch 
glass.  Heat  is  now  applied  by  bringing  the  cover  glass  over  a 
flame  and  holding  it  there  until  steam  begins  to  be  given  off  from 
the  surface  of  the  staining  fluid ;  it  is  then  withdrawn  and  again 
29 
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gently  heated  at  intervals  for  a  minute  or  two.  The  cover  gla^  is 
then  washed  in  water,  and  the  film  will  be  seen  to  have  a  uniform 
deep-red  color.  The  next  step  consists  in  decolorization  in  the  acid 
solution  (twenty-five-per-cent  solution  of  nitric  or  of  sulphuric  acid). 
The  cover  glass  is  gently  moved  about  in  this  solution  for  a  few 
seconds,  and  the  color  will  be  seen  to  quickly  fade  to  a  greenish 
tint.  The  object  is  to  remove  all  color  from  the  cells  and  the  al- 
buminous background,  so  that  the  bacilli,  which  retain  their  color  in 
presence  of  the  acid,  may  be  clearly  seen.  The  preparation  is  next 
washed  in  dilute  alcohol  (sixty  per  cent)  to  remove  the  fuchsin 
which  has  been  set  free  by  the  acid.  If  decolorization  was  not  car- 
ried far  enough  the  film  will  be  seen  to  still  have  a  red  color,  espe- 
cially in  places  where  it  is  thickest,  when  it  is  removed  from  the 
dilute  alcohol  and  washed  out  in  water.  In  this  case  it  will  be 
necessary  to  return  it  to  the  acid  solution  and  again  wash  it  in  the 
dilute  alcohol  and  in  water.  It  may  now  be  placed  in  a  solution 
of  methylene  blue  or  of  vesuvin  for  a  contrast  stain.  The  tubercle 
bacilli  are  distinguished  by  the  fact  that  they  retain  the  red  color 
imparted  to  them  in  the  fuchsin  solution,  while  other  bacteria  pre- 
sent, having  been  decolorized  in  the  acid  solution,  take  the  contrast 
stain  and  appear  blue  or  brown,  according  to  the  color  used.  The 
double-stained  preparation,  after  a  final  washing  in  water,  may  be 
examined  at  once,  or  dried  and  mounted  in  balsam  for  permanent 
preservation. 

Of  the  various  other  methods  which  have  been  proposed,  that  of 
Frankel,  as  modified  by  Gabbett,  appears  to  be  the  most  useful.  This 
consists  in  staining  as  above  directed  with  ZiehPs  carbol-f  uchsin  solu- 
tion, and  in  then  placing  the  cover  glass  directly  in  a  second  solution 
which  contains  both  the  acid  for  decolorizing  and  the  contrast  stain. 
This  second  solution  contains  twenty  parts  of  nitric  acid,  thirty  parts 
of  alcohol,  fifty  parts  of  water,  and  sufficient  methylene  blue  to  make 
a  saturated  solution  (one  to  two  parts  in  one  hundred).  After  re- 
maining in  this  solution  for  a  minute  or  two  the  cover  glass  is  washed 
in  water,  and  upon  microscopical  examination  the  tubercle  bacilli,  if 
present,  will  be  seen  as  red  rods  which  strongly  contrast  with  the 
blue  background. 

The  methods  recommended  for  cover-glass  preparations  may  also 
be  used  for  staining  the  tubercle  bacillus  in  thin  sections  of  tuber- 
culous tissues,  except  that  it  is  best  not  to  employ  heat.  The  sec- 
tions may  be  left  for  an  hour  in  the  carbol-fuchsin  solution,  or  for 
twelve  hours  in  the  Ehrlich-Weigert  tubercle  stain — eleven  cubic 
centimetres  of  saturated  alcoholic  solution  of  methyl  violet,  ten  cubic 
centimetres  of  absolute  alcohol,  one  hundred  cubic  centimetres  of  ani- 
line water.     They  should  then  be  decolorized  by  placing  them  for 
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about  half  a  minute  in  dilute  nitric  acid  (ten  per  cent);  then  wash 
out  color  in  sixty-per-cent  alcohol ;  counter-stain  for  two  or  three 
minutes  in  a  saturated  aqueous  solution  of  methylene  blue ;  dehydrate 
with  absolute  alcohol  or  with  aniline  oil ;  clear  up  in  oil  of  cedar, 
and  mount  in  xylol  balsam.  If  the  aniline- water-methyl- violet  solu- 
tion has  been  used  for  staining  the  baciUi  a  saturated  solution  of 
vesuvin  may  be  used  as  a  contrast  stain. 

Biological  Characters. — A  parasitic,  aerobic,  non-motile  ba- 
cillus, which  grows  only  at  a  temperature  of  about  37°  C.  Is  also  a 
facultative  anaerobic  (Frankel). 

The  question  as  to  spore  formation  has  not  been  definitely  deter- 
mined. It  has  been  generally  assumed  that  the  unstained  spaces 
which  are  frequently  seen  in  the  baciUi  are  spores ;  and  the  fact  that 


Fio.  118.— Section  through  a  tuberculoos nodule  in  the  lung  of  a  cow,  showing  two  giant  cells 
containing  tubercle  bacilli    x  900.    (Baumgarten.) 

caseous  material  in  which  a  microscopical  examination  has  failed  to 
demonstrate  the  presence  of  bacilli  may  produce  tuberculosis,  with 
baciUi,  when  inoculated  into  guinea-pigs,  has  been  explained  upon  the 
supposition  that  this  material  contained  spores.  But  a  few  bacilli 
present  in  such  caseous  material  might  easily  escape  detection.  As 
pointed  out  by  Frankel,  the  oval  spaces  in  stained  specimens  have 
not  the  sharply  defined  outlines  of  spores.  Moreover,  the  baciUi,  when 
examined  in  unstained  preparations,  do  not  contain  corresponding  re- 
fractive bodies,  recognizable  as  spores.  And  when  the  baciUi  are 
stained  by  Gram's  method  the  protoplasm  is  often  contracted  in  the 
form  of  little,  spherical  stained  masses,  while  the  unstained  spaces 
are  larger  and  no  longer  have  the  oval  form  presented  in  rods  stained 
by  EhrUch's  method.  The  great  resisting  power  of  the  bacillus  to 
heat  and  to  desiccation  has  been  supposed  to  be  due  to  the  presence 
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of  spores.  But,  so  far  as  resistance  to  heat  is  concerned,  this  is  not 
so  great  as  was  at  one  time  believed.  Schill  and  Fischer  (1884),  as- 
suming that  the  tubercle  bacillus  forms  spores,  made  quite  a  number 
of  experiments  to  determine  its  thermal  death-point.  They  sub- 
jected sputum  containing  the  bacillus  to  a  temperature  of  100°  C.,and 
tested  the  destruction  of  vitality  by  inoculations  into  guinea-pigs. 
Exposure  tg  steam  at  a  temperature  of  100°  C.  for  two  to  five  min- 
utes was  effective  in  every  experiment,  with  one  exception.  One 
guinea-pig  died  tuberculous  after  having  been  inoculated  with 
sputum  exposed  to  this  temperature  for  two  minutes.  This  result 
was  assumed  to  show  that  the  bacillus  would  survive  lower  tempera- 
tures, but  it  is  evident  that  additional  experiments  were  required  to 
establish  this  fact.  In  1887  the  writer  made  a  few  similar  experi- 
ments at  a  lower  temperature,  and  guinea-pigs  inoculated  with  tuber- 
culous sputum  exposed  for  ten  minutes  to  a  temperature  of  90°,  80°, 
and  60°  C.  failed  to  become  tuberculous,  while  another  guinea-pig, 
inoculated  with  the  same  material  after  exposure  to  a  temperature  of 
50°  C.  for  ten  minutes,  died  tuberculous.  These  results  correspond 
with  those  subsequently  (1888)  reported  by  Yersin,  who  tested  the 
thermal  death-point  of  this  bacillus  by  the  culture  method.  This 
author  assumes  that  the  bacilli  form  spores,  but  states  as  a  result  of 
his  experiments  that  "at  the  end  of  ten  days  bacilli  heated  for  ten 
minutes  at  55°  C.  gave  a  culture  in  glycerin-bouillon  ;  those  heated 
to  60°,  at  the  end  of  twenty-two  days;  while  those  heated  to  70°  and 
above  failed  to  grow  in  every  instance.  This  experiment,  repeated  a 
great  number  of  times,  always  gave  the  same  result.  The  tubercle 
bacilli  then  resist  a  temperature  of  60°  C.  for  ten  minutes,  and  it  is 
to  be  remarked  that  the  resistance  of  spores  to  heat  appears  to  be  no 
greater  than  that  of  the  bacilli  themselves."  Yersin  remarks  in  a 
footnote  that  "the  spores  which  served  for  these  experiments  did 
not  appear  as  more  or  less  irregular  granules  taking  the  coloring 
matter  strongly,  but  as  veritable  spores  with  sharply  defined  outlines, 
to  the  number  of  one  or  two  in  a  bacillus,  or  three  at  the  outside. 
These  spores  are  particularly  clear  in  cultures  upon  glycerin-agar 
several  weeks  old.^' 

It  may  be  that  bacteriologists  have  been  mistaken  in  the  infer- 
ence that  all  spores  possess  a  greater  resisting  power  for  heat  than 
that  exhibited  by  bacilli  in  the  absence  of  spores.  That  this  is  true 
as  regards  anthrax  spores  and  many  others,  the  thermal  death-point 
of  which  has  been  determined  by  exact  experiments,  does  not  prove 
that  it  is  true  for  all.  And  it  is  known  that  there  are  wide  differ- 
ences in  the  resisting  power  both  of  the  spores  of  different  species 
and  in  the  vegetating  cells.  To  admit  that  the  tubercle  bacillus  or 
the  typhoid  bacillus,  etc.,  may  form  spores  which  have  no  greater 
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resisting  power  against  heat  than  the  bacilli  themselves,  would  there- 
fore simply  be  an  admission  that  some  bacteriologists  had  made  a 
mistaken  inference  based  upon  incomplete  data.  In  view  of  the 
facts  stated  we  can  simply  repeat  what  was  said  at  the  outset,  viz. , 
the  question  as  to  spore  formation  has  not  been  definitely  deter- 
mined. 

The  tubercle  bacillus  is  a  strict  parasite^  and  its  biological  char- 
acters are  such  that  it  could  scarcely  find  natural  conditions,  outside 
of  the  bodies  of  living  animals,  favorable  for  its  multiplication.  It 
therefore  does  not  grow  as  a  saprophjrte  under  ordinary  circum- 
stances. But  it  has  been  noted  by  Roux  and  Nocard  that  when  it 
has  been  cultivated  for  a  time  in  artificial  media  containing  glycerin 
it  may  grow  in  a  plain  bouillon  of  veal  or  chicken,  in  which  media  it 
fails  to  develop  when  introduced  directly  from  a  culture  originating 
from  the  body  of  an  infected  animal.  This  would  indicate  the  pos- 
sibility of  its  acquiring  the  ability  to  grow  as  a  saprophyte  ;  and  we 
can  scarcely  doubt  that  at  some  time  in  the  past  it  was  a  true  sapro- 
phyte. The  experiments  of  Nuttall  indicate  that  the  bacillus  may 
multiply,  under  favorable  temperature  conditions,  in  tuberculous 
sputum  outside  of  the  body.  And  it  is  extremely  probable  that  mul- 
tiplication occurs  in  the  muco-purulent  secretion  which  accumulates 
in  pulmonary  cavities  in  phthisical  patients.  In  these  cavities  its  de- 
velopment may,  in  a  certain  sense,  be  regarded  as  saprophytic,  as  it 
feeds  upon  non-living  organic  material. 

Koch  first  succeeded  in  cultivating  this  bacillus  upon  coagulated 
hlood  serum,  prepared  as  directed  in  Section  VIII.,  Part  First,  of  the 
present  volume.  Roux  and  Nocard  have  since  shown  (1888)  that  it 
grows  very  well  on  nutrient  agar  to  which  glycerin  has  been  added 
(six  to  eight  per  cent),  and  also  in  veal  broth  containing  five  per  cent 
of  glycerin.  It  is  difficult  to  obtain  pure  cultures  from  tuberculous 
sputum,  on  account  of  the  presence  of  other  bacteria  which  grow 
much  more  rapidly  and  take  full  possession  of  the  medium  before  the 
tubercle  bacillus  has  had  time  to  form  visible  colonies.  For  this  rea- 
son it  is  best  to  first  inoculate  a  guinea-pig  with  the  tuberculous  spu- 
tum and  to  obtain  cultures  from  it  after  tuberculous  infection  has 
fully  developed.  The  inoculated  animals  usually  die  at  the  end  of 
three  or  f oiir  weeks.  It  is  best  to  kill  one  which  gives  evidence  of 
being  tuberculous,  and  to  remove  one  or  more  nodules  from  the 
lungs  through  an  opening  made  in  the  chest  walls.  The  greatest 
care  will  be  required  to  prevent  contamination  by  other  common 
microorganisms.  The  instruments  used  must  be  sterilized  by  heat, 
and  the  skin  over  the  anterior  thoracic  wall  carefully  turned  back  ; 
then,  after  a;;jain  sterilizing  knives  and  scissors,  cut  an  opening  into 
the  chest  cavity,  draw  out  the  root  of  the  lung,  and  take  up  with 
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slender  sterilized  forceps,  or  with  a  strong  platinum  loop,  one  or 
more  well-defined  tubercular  nodules.  These  may  be  conveyed  di- 
rectly to  the  surface  of  the  solid  culture  medium  and  then  broken 
up  and  rubbed  over  the  surface  as  thoroughly  as  possible ;  or  they 
may  first  be  crushed  between  two  sterilized  glass  slides,  and  then 
transferred  with  the  platinum  loop  and  thoroughly  rubbed  into  the 
surface  of  the  culture  medium. 

This  breaking-up  of  the  tuberculous  nodules  and  distribation  of 
the  bacilli  upon  the  surface  of  the  culture  medium  is  essential  for 
the  success  of  the  experiment.  Instead  of  using  the  tubercular 
nodules  in  the  lungs,  an  enlarged  lymphatic  gland  from  the  axilla  or 
elsewhere  may  be  used,  as  first  recommended  by  Koch.  This  is  to 
be  crushed  in  the  same  way ;  and  it  will  be  best  to  inoculate  a  num- 
ber of  tubes  at  the  same  time,  as  accidental  contamination  or  failure 
to  develop  is  very  liable  to  occur  in  a  certain  number.  Owing  to  the 
liability  of  the  blood  serum  to  become  too  dry  for  the  development  of 
the  bacillus,  it  is  best  to  keep  the  cultures  in  a  moist  atmosphere,  or 
to  prevent  evaporation  by  applying  a  rubber  cap  over  the  open  end 
of  the  test  tube.  This  should  be  sterilized  in  a  solution  of  mercuric 
chloride  (1 : 1,000) ;  and  the  end  of  the  cotton  plug  should  be  burned 
off  just  before  applying  it,  for  the  purpose  of  destroying  the  spores 
of  mould  fungi,  which  in  a  dry  atmosphere  would  be  harmless,  but 
under  the  rubber  cap  are  likely  to  sprout  and  to  send  their  mycelium 
through  the  cotton  plug  to  the  interior  of  the  tube,  thus  destroying 
the  culture. 

Upon  coagulated  blood  serum  the  growth  first  becomes  visible  at 

the  end  of  ten  to  fourteen  days  (at  37°  C),  and  at  the  end  of  tiiree 

weeks  a  very  distinct  and  characteristic  develop- 

;  ment  has  occurred.   The  first  appearance  is  that  of 

^^^  dry-looking,  grayish- white  points  and  scales,  which 

,*>.;;  are  without  lustre,  and  are  sometimes  united  to 

w  .^''<.^^^  form  a  thin,  irregular,  membranous-looking  layer. 

V^^^r  \^W*^.      Under  the  microscope,  with  an  amplification  of 

^^..1^    W>^    "^      eighty  diameters,  the  early,  thin  surface  growth 

^.v  \^  upon  blood  serum  presents  a  characteristic  appear- 

^  ^  ance.    The  bacilli,  arranged  in  parallel  rows,  form 

variously  curved  figures,  of  which  we  may  obtain 
hiSui  f"*  "^f**"^^?  impressions  by  carefully  applying  a  dry  cover  glass 
culture  upon  blood  se-  to  the  surface.  Upon  staining  the  preparation  in 
mm.  X  600.  (Koch.)  ^he  usual  Way  the  same  arrangement  of  the  bacilli 
which  adhered  to  the  thin  glass  cover  will  be  pre- 
served. The  growth  is  more  abundant  in  subsequent  cultures, 
which  have  been  kept  up  in  Koch's  laboratory  from  his  original 
pure  cultures  up  to  the  present  time  ;  in  these  the  bacillus  still  pre- 
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serves  its  characters  of  form  and  growth,  and  its  specific  pathogenic 
power. 

Pastor  (1892)  has  succeeded  in  obtaining  pure  cultures  of  the 
tubercle  bacillus  from  sputum  by  the  following  ingenious  method  : 
After  proving  by  microscopic  examination  that  the  sputum  of  a 
tuberculous  individual  contains  numerous  bacilli,  he  has  the  patient 
cleanse  his  mouth  as  thoroughly  as  possible  with  sterilized  water, 
and  then  expectorate  some  material,  coughed  up  from  the  lungs,  into 
a  sterilized  test  tube.  By  shaking  with  sterilized  water  a  fine  emul- 
sion is  made,  and  this  is  filtered  through  fine  gauze.  The  filtrate, 
which  is  nearly  transparent,  contains  numerous  tubercle  bacilli.  A 
few  drops  of  the  emulsion  are  now  added  to  liquefied  gelatin  in  a  test 
tube,  and  a  plate  is  made  in  the  usual  way.  This  is  kept  for  three 
or  four  days  at  the  room  temperature,  during  which  time  the  com- 
mon mouth  bacteria  capable  of  growth  form  visible  colonies.  By 
means  of  a  hand  lens  a  place  is  now  selected  in  which  no  colonies  are 
seen,  and  a  bit  of  gelatin  is  excised  with  a  sterilized  knife.  This 
piece  is  transferred  to  the  surface  of  blood  sermn  or  glycerin-agar, 
and  placed  in  the  incubating  oven,  where  in  due  time  colonies  of 
the  tubercle  bacillus  will  usuaUy  be  found  to  develop. 

Another  method  of  accomplishing  the  same  result  has  recently 
been  described  by  Kitasato.  This  is  a  method  devised  by  Koch  some 
time  since  and  successfully  employed  in  his  laboratory.  The  morn- 
ing expectoration  of  a  tuberculous  patient,  raised  from  the  lungs  by 
coughing,  is  received  in  a  Petri's  dish.  A  bit  of  sputum,  such  as 
comes  from  the  tuberculous  cavity  in  the  lungs  of  such  a  patient,  is 
now  isolated  with  sterilized  instruments  and  carefully  washed  in  at 
least  ten  successive  portions  of  sterilized  water.  By  this  procedure 
the  bacteria  accidentally  attached  to  the  viscid  mass  of  sputum  dur- 
ing its  passage  through  the  mouth  are  washed  away.  In  the  last 
bath  the  mass  is  torn  apart  and  a  small  portion  from  the  interior  is 
used  to  make  a  microscopic  preparation,  the  examination  of  which 
shows  whether  only  tubercle  bacilli  are  present.  If  this  be  the  case 
cultures  upon  glycerin-agar  are  started  from  material  obtained  from 
the  interior  of  the  same  mass.  The  colonies  obtained  in  this  way 
appear  in  about  two  weeks  as  round,  white,  opaque,  moist,  and  shin- 
ing masses.  Kitasato's  researches  show  that  the  greater  portion  of 
the  tubercle  bacilli  in  sputima  obtained  in  this  way,  and  in  the  con- 
tents of  lung  cavities,  are  incapable  of  development,  although  this 
fact  cannot  be  recognized  by  a  microscopic  examination  of  stained 
spedmena. 

On  accoxmt  of  the  greater  facility  of  preparing  and  sterilizing 
glycerin-agar,  and  the  more  rapid  and  abundant  development  upon 
this  medium,  it  is  now   usually  employed  in  preference  to  blood 
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serum.  The  growth  at  the  end  of  fourteen  days  is  more  abundant  than 
upon  blood  serum  at  the  end  of  several  weeks.  When  numerous 
bacilli  have  been  distributed  over  the  surface  of  the  culture  mediiun 
a  ratlier  uniform,  thick,  white  layer,  which  subsequently  acquires  a 
3'ellowish  tint,  is  developed ;  when  the  bacilli 
are  few  in  number  or  are  associated  in  scattered 
groups  separate  colonies  are  developed,  which 
acquire  considerable  thickness  and  have  more 
or  less  irregular  outlines  ;  they  are  white  at 
first,  then  yellowish-white.  Frankel  describes 
the  tubercle  bacillus  as  a  facultative  anaerobic, 
and  it  would  appear  that  it  must  be  able  to  grow 
in  situations  where  it  can  obtain  very  httle  oxy- 
gen from  its  development  in  the  interior  of  tu- 
berculous nodules,  lymphatic  glands,  etc.  But 
in  stick  cultures  in  glycerin-agar  development 
only  occurs  near  the  surface,  and  not  at  all  in 
the  deeper  portion  of  the  medium.  In  view  of 
its  abundant  growth  on  the  surface  it  is  diffi- 
cult to  understand  this  failure  to  grow  along 
the  line  of  puncture,  if  it  is  in  truth  a  faculta- 
tive anaerobic. 

In  peptonized  veal  broth  containing  five  per 
cent  of  glycerin  the  bacillus  develops  at  first  in 
the  form  of  little  flocculi,  which  accumulate  at 
the  bottom  of  the  flask  and  which  by  agitation 
are  easily  broken  up.  At  the  end  of  two  or 
three  weeks  the  bottom  of  the  flask  is  covered 
with  similar  flocculi,  which  form  an  abimdant 
deposit. 

Pawlowski  and  others  report  success  in  cul- 
tivating the  tubercle  bacillus  upon  the  surface 
of  cooked  potato  enclosed  in  a  test  tube  after 
the  method  of  Bolton  and  Roux.  The  open  end 
of  the  tube  is  hermetically  sealed  in  a  flame 
after  the  bacilli  have  been  planted  upon  the 
obli(iuely-cut  surface  of  the  potato;  this  prevents  drying.  Ac- 
(•(n-ding  to  Pawlowski,  better  results  are  obtained  if  the  surface  of 
the  potato  is  moistened  \vith  a  fivo-per-cent  solution  of  glycerin.  The 
growth  is  said  to  be  seen  at  the  end  of  about  twelve  days  as  grapsh. 
dry -looking  flakes ;  at  the  end  of  three  or  four  weeks  it  forms  a  dry, 
smooth,  whitish  layer,  and  no  further  development  occurs. 

The  range  of   temperature  at  which  this  bacillus  will  grow  is 
very  restricted  ;  37°  C.  is  usually  given  as  the  most  favorable  point, 


Fio.  180.— Culture  of  tu- 
bercle bacUlus  upon  glyce- 
rin-afjar.  Photograph  by 
Roux. 
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but  Roux  and  Nocard  say  that  the  most  favorable  temperature  ap- 
pears to  be  39°,  and  that  development  is  slower  at  37°. 

The  experiments  of  Koch,  Schill  and  Fischer,  and  others  show 
that  the  bacilli  retain  their  vitality  in  desiccated  sputum  for  several 
months  (nine  to  ten  months — De  Toma) ;  but  they  are  said  to  undergo 
a  gpradual  diminution  in  pathogenic  virulence,  which  is  more  rapid 
when  the  desiccated  material  is  kept  at  a  temperature  of  30°  to  40°  C. 
In  the  experiments  of  Cadeac  and  Malet  portions  of  the  lung  from 
a  tuberculous  cow,  dried  and  pulverized,  produced  tuberculosis  in 
guinea-pigs  at  the  end  of  one  hxmdred  and  two  days.  They  retain 
their  vitaUty  for  a  considerable  time  in  putrefying  material  (forty- 
three  days--Schill  and  Fischer  ;  one  hundred  and  twenty  days — Ca- 
deac and  Malet).  The  resisting  power  of  this  bacillus  against  ger- 
micidal agents  is  also  greater  than  that  of  certain  other  pathogenic 
microorganisms,  but  not  so  great  as  to  justify  the  inference  that  it 
forms  spores.  It  is  not  destroyed  by  the  gastric  juice  in  the  sto- 
mach, as  is  shown  by  successful  infection  experiments  in  suscep- 
tible animals,^ by  mixing  cultures  of  the  bacillus  with  their  food 
(Baumgarten,  Fischer),  and  also  by  experiments  with  an  artificially 
prepared  gastric  juice  (Falk).  They  are  destroyed,  in  sputum,  in 
twenty  hours  by  a  three-per-cent  solution  of  carbolic  acid,  even 
when  they  present  the  appearance  usually  ascribed  to  the  presence 
of  spores  (Cavagnis) ;  also  by  absolute  alcohol,  a  saturated  aqueous 
solution  of  sahcylic  acid,  saturated  aniline  water,  etc.  (Schill  and 
Fischer).  The  more  recent  experiments  of  Yersin  upon  pure  cul- 
tures of  the  bacillus  gave  the  following  results :  "  Tubercle  baciUi, 
containing  spores,  were  killed  T)y  a  five-per-cent  solution  of  carbolic 
acid  in  thirty  seconds,  by  one-per-cent  in  one  minute ;  absolute  alco- 
hol, five  minutes ;  iodof orm-ether,  one  per  cent,  five  minirtes ;  ether, 
ten  minutes ;  mercuric  chloride,  1  : 1,000  solution,  ten  minutes ; 
thymol,  three  hours ;  salicylic  acid,  2.5  per  cent,  six  hours. 

The  tubercle  bacillus  appears  to  be  especially  susceptible  to  the 
action  of  light  In  his  address  before  the  Tenth  International  Medi- 
cal Congress  (Berlin,  1890)  Koch  says  that  when  exposed  to  direct 
sunlight  the  tubercle  bacillus  is  killed  in  from  a  few  minutes  to  sev- 
eral hours,  according  to  the  thickness  of  the  layer ;  it  is  also  de- 
stroyed by  diffuse  dayUght  in  from  five  to  seven  days  when  placed 
near  a  window.  This  fact  has  an  important  hygienic  bearing,  espe- 
cially in  view  of  the  fact  that  the  tubercle  bacillus  is  not  readily 
killed  by  desiccation,  putrefaction  of  the  material  containing  it,  etc. 
Tuberculous  sputum  expectorated  upon  sidewalks,  etc.,  being  ex- 
posed to  the  action  of  direct  sunlight,  will  in  many  cases  be  disin- 
fected by  this  agent  by  the  time  complete  desiccation  has  occurred — 
I.e.,  before  it  is  in  a  condition  to  be  carried  into  the  air  as  dust. 
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Sawizky  has  recently  (1891)  made  a  series  of  experiments  to  de- 
termine the  length  of  time  during  which  dried  tuberculous  sputuni 
retains  its  virulence.  He  arrives  at  the  conclusion  that  virulence  is 
not  suddenly  but  gradually  lost,  and  that  in  an  ordinary  dwelling 
room  dried  sputum  retains  its  specific  infectious  power  for  two  and 
one-half  months. 

MetschnikoflP  states  that  when  kept  at  a  temperature  of  42*^  C.  for 
some  time  the  tubercle  bacillus  undergoes  a  notable  diminution  in 
its  pathogenic  power,  and  that  when  kept  at  a  temperature  of  43°  to 
44°  it  after  a  time  only  induces  a  local  abscess  when  injected  subcu- 
taneously  into  guinea-pigs.  The  experiments  of  Lote  also  indicate 
that  an  "  attenuation  of  virulence  "  has  occurred  in  the  cultures  pre- 
served in  Koch's  laboratory,  originating  in  1882  from  the  lungs  of  a 
tuberculous  ape.  The  author  named  made  experiments  with  cul- 
tures from  this  source  (ninetieth  to  ninety-fifth  successive  culture), 
and  at  the  same  time  with  a  culture  obtained  from  Roux,  of 
Pasteur's  laboratory.  Rabbits  inoculated  with  cultures  from  the 
last-mentioned  source  developed  a  hectic  fever  at  the  end  of  two 
weeks,  and  died  tuberculous  at  the  end  of  twenty-one  to  thirty-nine 
days.  Twelve  rabbits  were  inoculated  with  the  cultures  from 
Koch's  laboratory  ;  the  injections  were  made  either  subcutaneously, 
into  a  vein,  into  the  pleural  cavity,  or  into  the  cavity  of  the  abdo- 
men. No  elevation  of  temperature  occurred  in  any  of  the  animals, 
and  they  were  found  at  the  end  of  a  month  to  have  increased  in 
weight.  At  the  end  of  six  weeks  one  of  them  was  killed  and  tuber- 
cular nodules  were  found  in  various  organs.  The  remaining  animals 
were  killed  at  the  end  of  one  hundred  and  forty-four  to  one  hundred 
and  forty-eight  days.  The  two  inoculated  subcutaneously  presented 
no  sign  of  general  tuberculosis,  but  a  small  yellow  nodule  contain- 
ing bacilli  was  found  at  the  point  of  inoculation.  Those  inoculated 
by  injection  into  a  vein  showed  one  or  two  nodules  in  the  lungs  con- 
taining a  few  bacilli.  In  Koch's  original  experiments  rabbits  were 
killed  by  intravenous  inoculation  of  his  cultures  in  from  thirteen  to 
thirty-one  days.  That  this  attenuation  of  virulence  depends  upon  a 
diminished  production  of  a  toxic  product  to  which  the  bacillus  owes 
its  pathogenic  power  appeara  to  be  very  certain,  in  view  of  the  fact 
that  the  late  cultures  in  a  series  have  a  more  vigorous  and  abundant 
development  than  the  more  pathogenic  cultures  obtained  directly 
from  the  animal  body. 

The  discovery  by  Koch  of  a  toxine  in  cultures  of  this  bacillus, 
which  is  soluble  in  glycerin,  and  which  in  very  minute  doses  pro- 
duces febrile  reaction  and  other  decided  symptoms  when  injected  sub- 
cutaneously into  tuberculous  animals,  must  rank  as  one  of  the  first 
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importance  in  scientific  medicine,  whatever  the  final  verdict  may  be 
as  to  its  therapeutic  value  in  tubercular  diseases  in  man. 

The  toxic  substance  contained  in  Koch's  glycerin  extract  from 
cultures  of  the  tubercle  bacillus,  now  generally  known  under  the 
name  of  tuberculin,  is  soluble  in  water,  insoluble  in  alcohol,  and 
passes  readily  through  dialyzing  membranes.  It  is  not  destroyed  by 
the  boiling  temperature.  According  to  the  chemical  examination  of 
JoUes,  the  "  lymph  "  contains  fifty  per  cent  of  water  and  does  not 
contain  alkaloids  or  cyanogen  compounds.  It  contains  albuminates, 
which  are  thrown  down  as  a  voluminous  white  precipitate  by  tannic 
acid,  and  are  redissolved  by  hot  water  containing  sodium  chloride 
and  very  diluted  potash  solution.  The  elementary  analysis  gave 
N  5.90  per  cent,  C  35.19  per  cent,  and  H  7.02  per  cent.  The  re- 
sults obtained  are  believed  to  show  that  the  active  substance  present 
in  the  lymph  is  a  toxalbumin.  In  experiments  made  with  Koch's 
lymph  in  Pasteur's  laboratory  by  Bardach,  a  very  decided  elevation 
of  temperature  was  produced  in  tuberculous  guinea-pigs  by  the  sub- 
cutaneous injection  of  0. 1  gramme,  and  a  fatal  result  by  the  injec- 
tion of  0.2  to  0.5  gramme.  In  man  a  decided  febrile  reaction  is  pro- 
duced in  tuberculous  patients  by  very  much  smaller  doses — 0.001 
cubic  centimetre. 

Hammerschlag,  in  his  chemical  researches,  found  that  the  tubercle 
bacillus  yields  a  larger  proportion  of  substances  soluble  in  alcohol 
and  ether  than  any  other  bacilU  tested  (twenty-seven  per  cent).  The 
alcoholic  extract  contains  fat,  lecithin,  and  a  toxic  substance  which 
produces  convulsions  in  rabbits  and  guinea-pigs.  The  portion  in- 
soluble in  alcohol  and  ether  contains  cellulose  and  an  albuminoid 
substance.  No  ptomaines  were  found,  but  a  toxalbumin  was  isolated, 
which  caused  an  elevation  of  temperature  in  rabbits  of  1°  to  2°  C, 
lasting  for  a  day  or  two. 

Hunter  reports  the  following  results  of  his  chemical  examination 
of  tuberculin.     It  contains — 

1.  Albumoses,  chiefly  protoalbumose  and  deuteroalbumose,  along  with 
heteroalbumose,  and  occasionally  a  trace  of  dysalbumose. 

2.  Alkaloidal  substances,  two  of  which  can  be  obtained  in  the  form  of 
the  platinum  compounds  of  their  hydrochlorate  salts. 

3.  Extractiv^es,  small  in  quantity  and  of  unrecognized  nature. 

4.  Mucin. 

5.  Inorganic  salts. 

6.  Glycerin  and  coloring  matter. 

The  following  conclusions  are  reached  with  reference  to  its  toxic 
properties : 

1.  Tuberculin  owes  its  activity,  not  to  one  principle,  but  to  at  least  three, 
and  probably  more,  different  substances. 

2.  Its  action  in  producing  Icxsal  inflammation,  fever,  and  general  consti- 
tutional disturbance  is  not  a  simple  but  an  extremely  complex  one. 
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3.  Its  actiye  ingredients  are  of  the  nature  of  albumoses,  alkaloidal  sab- 
stances,  and  extractives.  The  action  of  these  is  in  certain  instances  antag- 
onistic. 

4.  Its  remedial  and  inflammatory  actions  are  connected  with  the  presence 
of  certain  of  its  albumoses,  while  its  fever  producing  properties  are  chiefly 
associated  with  substances  of  non-albuminous  nature. 

5.  The  albumoses  are  not  lost  by  dialysis ;  the  latter  are.  By  the  adoption 
of  suitable  methods  it  is  thus  possible  to  remove  the  substances  which  cause 
the  fever,  while  retaining  those  which  are  beneflcial  in  their  action. 

6.  The  fever  produced  by  tuberculin  is  thus  absolutely  unessential  to  its 
remedial  action. 

In  a  recent  communication  (October,  1891)  Koch  has  given  a  full 
account  of  his  method  of  preparing  crude  tuberculin,  and  also  the 
process  by  which  he  obtains  from  this  a  tuberculin  which  appears  to 
be  pure,  or  neariy  so.  To  obtain  considerable  quantities  of  the  crude 
product  the  tubercle  bacillus  is  cultivated  in  an  infusion  of  calves' 
flesh  or  of  beef  extract  to  which  one  per  cent  of  peptone  and  four  to 
five  per  cent  of  glycerin  have  been  added.  This  culture  liquid  must 
be  made  slightly  alkaline,  and  it  is  placed  in  flasks  with  a  flat  bottom, 
which  should  not  be  more  than  half -filled — ^thirty  to  fifty  cubic  centi- 
metres. The  inoculation  is  made  upon  the  surface  with  small  masses 
from  a  culture  upon  blood  serum  or  glycerin-agar.  By  accident 
Koch  discovered  that  these  masses  floating  upon  the  surface  give  rise 
to  an  abundant  development  and  to  the  formation  of  a  tolerably  thick 
and  dry  white  layer,  which  finally  covers  the  entire  surface.  At  the 
end  of  six  to  eight  weeks  development  ceases  and  the  layer  after  a 
time  sinks  to  the  bottom,  breaking  up  meanwhile  into  fragment-s. 
These  cultures,  after  their  purity  has  been  tested  by  a  microscopical 
examination,  are  poured  into  a  suitable  vessel  and  evaporated  to  one- 
tenth  the  original  volume  over  a  water  bath.  The  liquid  is  then  fil- 
tered through  porcelain.  The  crude  tuberculin  obtained  by  this  pro- 
cess contains  from  forty  to  fifty  per  cent  of  glycerin,  and  consequently 
is  not  a  suitable  medium  for  the  development  of  saprophytic  bacteria, 
if  they  should  by  accident  be  introduced  into  it.  It  keeps  well  and 
preserves  its  activity  indefinitely. 

From  this  crude  tuberculin  Koch  has  obtained  a  white  precipitate, 
with  sixty-per-cent  alcohol,  which  has  the  active  properties  of  the 
crude  tuberculin  as  originally  prepared.  This  is  fatal  to  tuberculous 
guinea-pigs  in  doses  of  two  to  ten  milligrammes.  It  is  soluble  in 
water  and  in  glycerin,  and  has  the  chemical  reactions  of  an  albu- 
minous body.  In  preparing  it  one  and  a  half  volumes  of  absolute 
alcohol  are  added  to  one  volume  of  the  crude  tuberculin,  and,  after 
stirring  it  to  secure  uniform  admixture,  this  is  put  aside  for  twenty-four 
hours.  At  the  end  of  this  time  a  flocculent  deposit  will  be  seen  at  the 
bottom  of  the  vessel.  The  fluid  above  this  is  carefully  poured  off. 
and  an  equal  quantity  of  sixty-per-cent  alcohol  poured  into  the  vessel 
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for  the  purpose  of  washing  the  precipitate.  This  is  again  allowed  to 
settle  and  the  procedure  is  repeated  three  or  four  times,  after  which 
the  precipitate  is  washed  with  absolute  alcohol.  It  is  then  placed 
upon  a  filter  and  dried  in  a  vacuum  exsiccator. 

An  analysis  of  this  purified  tuberculin  by  Proskauer  gave  18. 4(5 
per  cent  of  ash,  consisting  almost  entirely  of  potassium  and  magne- 
sium phosphate.  The  elementary  analysis  gave  48.13  per  cent  of 
carbon,  7.06  per  cent  of  hydrogen,  14.46  per  cent  of  nitrogen,  and 
1.17  per  cent  of  sulphur. 

Recently  (1892)  Tizzoni  and  Cattani  have  presented  some  ex- 
perimental evidence  which  indicates  that  injections  of  Koch's  tuber- 
culin into  guinea-pigs  may  produce  in  these  animals  a  certain  degree 
of  immunity  against  tuberculosis ;  and  that  this  immunity  depends 
upon  the  presence  of  an  anti-tuberculin  formed  in  the  body  of  the 
partially  immune  animal. 

Numerous  experiments  made  by  veterinary  surgeons  upon  tuber- 
culous cows  show  that  the  injection  of  Koch's  tuberculin  in  these 
animalsy  in  doses  of  thirty  to  forty  centigrammes,  produces  a  rise  of 
temperature  of  from  1°  to  3°  C.  The  febrile  reaction  usually  occurs 
in  from  twelve  to  fifteen  hours  after  the  injection.  Its  duration  and 
intensity  do  not  depend  upon  the  extent  of  the  tuberculous  lesions, 
but  is  even  more  marked  when  these  are  slight  than  in  advanced 
cases.  In  non-tuberculous  animals  no  reaction  occurs,  and  the  ex- 
periments made  justify  the  suspicion  that  tuberculosis  exists  if  an 
elevation  in  temperature  of  a  degree  or  more  occurs  as  a  result  of 
the  subcutaneous  injection  of  the  dose  mentioned. 

When  the  number  of  tubercle  bacilli  in  sputum  is  comparatively 
small  they  may  easily  escape  observation.  Methods  have  therefore 
been  suggested  for  finding  them  imder  these  circumstances.  Ribbert 
(1886)  proposed  the  addition  to  the  sputum  of  a  two-per-cent  solution 
of  caustic  potash,  and  boiling  the  mixture.  The  tenacious  mucus  is 
dissolved,  and  when  the  mixture  is  placed  in  a  conical  glass  vessel 
the  bacilli  are  deposited  at  the  bottom  and  may  easily  be  found  in 
the  sediment  after  removing  the  supernatant  fluid.  The  same  object 
is  accomplished  by  Stroschein  (1889)  by  the  addition  to  sputum  of 
three  times  its  volume  of  a  saturated  solution  of  borax  and  boracic 
acid  in  water. 

A  method  of  estimating  the  number  of  bacilli  in  sputum  has  re- 
cently been  proposed  by  Nuttall,  which  appears  to  give  sufficiently 
accurate  results  and  to  be  useful  in  judging  of  the  progress  of  a 
case  or  of  the  results  of  treatment.  For  the  details  of  this  method 
we  must  refer  to  the  author's  paper  (Johns  Hopkins  Hospital  Bulle- 
tiriy  vol.  xi.,  No.  13,  1891).  It  consists  essentially  in  first  making 
the  sputum  fluid  by  the  addition  of  a  solution  of  caustic  potash  ;  in 
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then  shaking  it  thoroughly  in  a  bottle  containing  sterilized  gravel 
or  pounded  glass  ;  in  carefully  measuring  the  total  quantity  of  fluid, 
and  in  dropping  upon  glass  slides  uniform  drops  by  means  of  a  grad- 
uated pipette  ;  in  spreading  these  uniformly  by  means  of  a  platinum 
needle  and  a  turn  table  ;  in  covering  the  dried  film  with  a  film  of 
blood  serum,  and  coagulating  this  by  heat ;  and,  finally,  in  staining 
and  counting  the  bacilli  in  a  series  of  slides  from  the  same  specimen, 
and  from  the  average  number  found  in  a  single  drop  estimating  the 
total  number  in  the  sputum  for  twenty-four  hours. 

Pathogenesis, — Man,  cattle,  and  monkeys  are  most  subject  to 
contract  the  disease  naturally,  and  it  may  be  communicated  by  in- 
oculation to  many  of  the  lower  animals — guinea-pigs,  field  mice,  rab- 
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Fio.  im.— Limited epithoUoid  celled  tubercle  of  the  iris.    X  060.    (Baamgarten.) 

bits,  and  cats  are  among  the  fnost  susceptible  animals  ;  and  in  larger 
doses  dogs,  rats,  white  mice,  and  fowls  may  also  be  inf ected. 

When  tuberculous  sputum  is  introduced  beneath  the  skin  of  a 
guinea-pig  the  nearest  lymphatic  glands  are  found  to  be  swollen  at 
the  end  of  two  or  three  weeks,  at  the  same  time  there  is  a  thickening 
of  the  tissues  about  the  point  of  inoculation  ;  later  a  dry  crust  forms 
over  the  local  tuberculous  tumefaction,  and  beneath  this  is  a  flattened 
ulcer  covered  with  cheesy  material.  The  animals  become  emaciated 
and  show  diflSculty  in  breathing,  and  usually  succumb  to  genenil 
tuberculosis,  especially  involving  the  lungs,  within  four  to  eight 
weeks.     Injections  of  tuberculous  sputum,  or  of  pure  cultures  of  the 
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bacillus,  into  the  peritoneal  cavity  give  rise  to  extensive  tuberculo- 
sis of  the  liver,  spleen,  and  lungs,  and  to  death,  as  a  rule,  within 
three  or  four  weeks.  Rabbits  are  less  susceptible  to  subcutaneous 
injections,  but  die  within  seventeen  to  twenty  days  when  virulent — 
recent— cultures  are  injected  into  the  circulation.  As  a  result  of 
such  an  inoculation  the  animal  rapidly  loses  flesh  and  has  a  decided 
elevation  of  temperature,  commencing  at  the  end  of  the  first  week 
and  increasing  considerably  during  the  last  days  of  life.  At  the 
autopsy  the  spleen  and  liver  are  found  to  be  greatly  enlarged,  but 
they  do  not  contain  any  tubercles  that  can  be  recognized  by  the  naked 
eye  (Yersin).  They  contain,  however,  great  numbers  of  tubercle" 
bacilli,  both  free  and  in  the  cells.  Injections  of  a  small  quantity  of 
a  pure  culture  into  the  anterior  chamber  of  the  rabbit's  eye  cause 
first  iris-tuberculosis,  followed  by  swelling  and  caseation  of  the  near- 
est lymph  glands,  and  finally  general  infection  and  death ;  when 
larger  quantities  are  injected  general  tuberculosis  is  quickly  devel- 
oped. The  influence  of  quantity — ^number  of  bacilli — is  also  shown 
in  subcutaneous,  intravenous,  or  intraperitoneal  injections  into  guinea- 
pigs  and  rabbits  (Hirschberger,  Gebhardt,  Wyssokowitsch).  Thus 
rabbits  which  received  less  than  one  hundred  and  fifty  bacilli,  in 
sputum,  in  the  experiments  of  Wyssokowitsch,  did  not  develop  tuber- 
culosis ;  and  in  guinea-pigs  the  smaller  the  number  injected  the  more 
protracted  the  course  of  the  disease  was  found  to  be. 

Tuberculosis  in  man  no  doubt  results,  in  a  large  proportion  of  the 
cases,  from  the  respiration,  by  a  susceptible  individual,  of  air  con- 
taining the  tubercle  bacillus  in  suspension  in  a  desiccated  condition. 
As  already  stated,  it  has  been  demonstrated  by  experiment  that  the 
bacillus  retains  its  vitality  in  desiccated  sputum  for  several  months. 
The  experiments  of  Comet  have  demonstrated  that  in  the  dust  of 
apartments  occupied  by  tuberculous  patients  tubercle  bacilli  are  very 
commonly  present  in  sufficient  numbers  to  induce  tuberculosis  in 
guinea-pigs  inoculated  in  the  peritoneal  cavity  with  such  dust,  while 
negative  results  were  obtained  from  inoculations  with  dust  from 
other  localities.  In  view  of  these  facts  the  usual  mode  of  infection 
is  apparent.  Infection  may  also  occur  through  an  open  wound  or 
abrasion  of  the  skin,  as  in  the  small,  circumscribed  tumors  which 
sometimes  develop  upon  the  hands  of  pathologists  as  a  result  of 
handling  tuberculous  tissues.  A  few  instances  of  accidental  inocu- 
liition  through  wounds  made  by  glass  or  earthen  vessels  containing 
tuberculous  sputmn  have  also  been  recorded.  A  more  common  mode 
of  infection,  especially  in  children,  is  probably  by  way  of  the  intesti- 
nal glands,  from  the  ingestion  of  the  milk  of  tuberculous  cows.  That 
infection  may  occur  by  way  of  the  intestine  has  been  proved  by  ex- 
periments upon  ra})bits,  which  develop  tuberculosis  when  f(>d  upon 
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tuberculous  sputum.  And  that  the  tubercle  bacillus  is  frequently,  if 
not  usually,  present  in  the  milk  of  tuberculous  cows  has  been  proved 
by  the  experiments  of  BoUinger,  Hirschberger,  Ernst,  and  others. 
In  Hirschberger's  investigations  milk  from  tuberculous  cows  induced 
tuberculosis  in  guinea-pigs,  when  injected  subcutaneously  or  into 
the  peritoneal  cavity,  in  fifty-five  per  cent  of  the  cases  studieJ 
(twenty).  The  conclusion  is  reached  that  the  milk  may  contain  tu- 
bercle bacilli  even  when  the  udder  of  the  cow  is  not  involved.  Ernst 
also,  from  an  examination  of  the  milk  from  thirty-six  tuberculous 
cows  in  which  the  udder  was  apparently  not  involved,  found  the 
tubercle  bacillus  by  microscopical  examination  in  five  per  cent  of  the 
samples  examined  (one  hundred  and  fourteen). 

The  prevalence  of  tuberctdosis  among  cattle  is  shown  by  numer- 
ous investigations,  and  especially  by  the  official  inspections  of 
slaughtered  animals  made  in  Germany.  Thus  in  Saxony,  in  the 
year  1889,  of  611,511  cattle  examined  6,135  were  found  to  be  tubercu- 
lous (about  one  per  cent) ;  in  Berlin,  1887-1888,  out  of  130,733  ani- 
mals slaughtered  4,300  were  found  to  be  tuberculous  (3.2  per  cent). 
In  view  of  the  facts  stated  the  great  mortaUty  from  tubercular  dis- 
eases among  children,  many  of  whom  are  removed  from  other  prob- 
able sources  of  infection,  is  not  difficult  to  understand,  and  the 
practical  and  simple  method  of  preventing  infection  in  this  way,  af- 
forded by  the  sterilization  (by  heat)  of  milk  used  as  food  for  infants, 
must  commend  itself  to  all. 

54.   BACILLUS  TUBERCULOSIS  GALLINARUK. 

The  researches  of  Maffucci  (1889)  and  of  Cadiot,  Gilbert,  and 
Roger  (1890)  show  that  the  bacillus  obtained  from  spontaneous  tu- 
berculosis in  chickens,  although  closely  resembling  the  bacillus  of 
human  tuberculosis,  is  not  identical  with  it,  varying  especially  in  its 
pathogenic  power.  This  view  is  sustained  by  the  observations  of 
Koch,  who  says  in  his  address  before  the  Tenth  International  Medi- 
cal Congress  (Berlin,  1890): 

*^  The  care  which  it  is  necessary  to  exercise  in  judg[in^  of  the  characters 
which  serve  to  differentiate  bacteria,  even  those  wmch  are  well  known,  I 
have  learned  in  the  case  of  the  tubercle  bacillus.  This  species  is  so  definitely 
characterized  by  its  staining  reactions,  its  sfrowth  in  pure  cultures^  and  its 
pathogenic  qualities,  and  indeed  by  each  of  these  characters,  that  it  seems 
impossible  to  confound  it  with  other  species.  Nevertheless  in  this  case  also 
ODC  should  not  rely  upon  a  single  one  of  the  characters  mentioned  for  de- 
termining the  species,  but  should  follow  the  safe  rule  that  all  available 
characters  should  be  considered,  and  the  identity  of  a  certain  bacterium 
should  only  be  regarded  as  demonstrated  when  it  has  been  shown  to  corre- 
spond in  all  of  these  particulars  When  I  made  my  first  researches  with 
reference  to  the  tubercle  bacillus  I  was  controUed  by  this  rule,  and  tested 
tubercle  bacilli  from  various  sources,  not  only  with  reference  to  their  stain- 
ing reactions,  but  also  with  reference  to  their  growth  in  cultwre  media  and 


Digitized  by  VjOOQIC 


BACILLI  IN  CHRONIC  INFECTIOUS  DISEASBS.  393 

patho^nic  characters.  Only  in  the  tuberculosis  of  chickens  I  was  not  able 
to  apply  this  rule,  as  at  tiiat  time  it  was  not  possible  for  me  to  obtain  fresh 
material  from  i^hich  to  make  pure  cultures.  As,  however,  all  other  forms 
of  tuberculosis  had  given  identical  bacilli,  and  the  bacilli  of  chicken  tuber- 
culosis in  their  appearance  and  behavior  towards  the  aniline  colors  entirely 
corresponded  with  these,  I  believed  myself  justified  in  assuming  their  iden- 
tity, notwithstanding  tbe  incompleteness  of  the  research.  Later  I  received 
pure  cultures  from  various  sources,  which  apparently  originated  from  tuber- 
cle bacilli,  but  in  several  regards  difiPered  from  these;  especially  in  the  fact 
that  inoculation  experiments,  made  by  experienced  and  reliable  investigators, 
led  to  dissimilar  results,  which  it  was  necessary  to  regard  as  unexplain^  con< 
tradictions.  At  first  I  oelieved  that  these  differences  depended  upon  changes 
such  as  are  frequently  observed  in  pathogenic  bacteria,  when  these  are  culti- 
vated in  pure  cultures  outside  of  the  body  for  a  Ion?  time  under  more  or  less 
unfavoraole  conditions.  In  order  to  solve  the  riddle  I  attempted  by  various 
influences  to  change  the  common  tubercle  bacilli  into  the  presumed  variety 
referred  to.  They  were  cultivated  for  several  months  at  so  high  a  tempera- 
ture that  only  a  scanty  growth  was  obtained;  in  other  experiments  still 
higher  temperatures  were  allowed  to  act  repeatedly  for  so  long  a  time  that 
the  cultures  were  brought  as  nearly  as  possible  to  the  point  or  killing  the 
bacilli.  In  a  similar  way  I  subjected  the  cultures  to  the  action  of  chemical 
agents,  of  light,  or  absence  of  moisture;  they  were  cultivated  for  many  gen- 
erations in  association  with  other  bacteria;  inoculated  successively  in  ani- 
mals having  but  a  slight  susceptibility.  But,  in  spite  of  all  these  attempts, 
onlv  slight  variations  were  obtained  in  their  characters — ^far  less  than  otner 
pathogenic  bacteria  undergo  under  similar  circumstences.  Itappears,  there- 
fore, tnat  the  tubercle  bacUli  retain  their  characters  with  special  obstinacy; 
this  is  in  accord  with  the  fact  that  pure  cultures  which  have  now  been  cul- 
tivated by  me  in  test  tubes  for  more  than  nine  years,  without  in  the  mean- 
time having  been  in  a  living  body,  are  still  entirely  unchanged  with  the  ex- 
ception of  a  slight  diminution  of  virulence.  ...  It  happened  about  a  year 
ago  that  I  received  a  living  chicken  whicl^  wassufi^ering  from  tuberculosis, 
and  I  used  this  opportunity  to  make  cultures  directly  from  the  diseased  or- 
gans of  tills  animal,  which  previously  I  had  not  been  able  to  do.  When  the 
cultures  grew  I  saw  to  my  surprise  that  they  had  precisely  the  appearance 
and  all  of  the  characters  possessed  by  the  eniraiatical  cultures  resembling 
those  of  the  genuine  tubercle  bacillus.  Later  I  learned  that  these  also  ori- 
ginated from  tuberculosis  in  fowls,  but,  upon  the  assumption  that  all  forms 
of  tuberculosis  are  identical,  had  been  considered  genmne  tubercle  bacilli. 
A  verification  of  my  observations  I  find  in  the  recently  published  researches 
of  Prof.  Maffucci  with  reference  to  tuberculosis  of  fowls." 

According  to  Maflfucci^  adult  chickens  are  refractory  against  the 
action  of  the  Bacillus  tuberculosis  from  man,  and  there  are  slight 
morphological  and  biological  differences  in  the  bacilli  from  the  two 
sources. 

Recently  Cadiot,  Gilbert,  and  Roger  have  made  a  series  of  ex- 
periments vrith  the  bacillus  of  tuberculosis  in  fowls.  They  found 
the  bacilli  to  be  very  numerous  in  the  livers  of  chickens  suffering 
from  spontaneous  tuberculosis,  and  inoculated  with  material  from 
this  source  six  chickens,  five  rabbits,  and  twelve  gfuinea-pigs.  The 
chickens,  when  inoculated  in  the  cavity  of  the  abdomen  or  by  injec- 
tion into  a  vein,  died  in  from  forty-one  to  ninety-three  days  from 
general  tuberculosis.  Four  of  the  rabbits  died  of  general  tuberculosis, 
presenting  the  same  appearance  as  that  following  inoculation  with 
81 
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bacilli  from  human  tuberculosis.  Ot  the  guinea-pigs,  which  were 
inoculated  in  the  cavity  of  the  abdomen,  eleven  remained  in  good 
health  and  one  only  died  of  general  tuberculosis.  These  experi- 
ments show  a  decided  difference  in  the  pathogenic  properties  of 
tubercle  bacilU  from  the  two  sources,  for  the  guinea-pig  is  especially 
susceptible  to  tuberculosis  as  a  result  of  similar  inoculations  with 
bacilli  from  human  tuberculosis.  We  must  therefore  conclude  that 
the  bacillus  found  in  spontaneous  tuberculosis  in  fowls  is  a  distinct 
variety  of  Bacillus  tuberculosis.  Whether  this  variety  would  cause 
tuberculosis  in  man,  if  introduced  into  susceptible  subjects,  has  not 
been  dotermined ;  and,  as  pointed  out  by  Koch,  this  question  can 
only  be  answered  in  the  aflSrmative  if  it  should  be  obtained  in  pure 
cultures  from  cases  of  human  tuberculosis. 

Since  the  above  was  written  Maffucci  has  published  (1892)  an 
elaborate  memoir  upon  tuberculosis  of  fowls.  His  conclusions  are 
stated  as  follows : 

**  The  bacillus  of  tuberculosis  in  fowls  is  distinguished  fi"om  that  of  tuber- 
culosis in  mammals  by  the  following  points  of  difference: 

'*  1.  It  does  not  induce  tuberculosis  iii  guinea- pigs,  and  seldom  causes 
general  tuberculosis  in  rabbits. 

*'  2.  The  cultures  in  various  media  have  a  different  appearance  from  those 
of  the  BacilliLs  tuberculosis  of  mammals. 

**  3.  The  temperature  at  which  it  develops  varies  between  35°  and  45°  C, 
and  the  thermal  death-point  is  TO**  C. 

"4.  At  45**  to  50'  C.  the  cultures  show  long,  thick,  and  branched  forms. 

'^  5.  The  bacillus  retains  its  vegetative  and  pathogenic  power  at  the  end 
of  two  years. 

''  6.  This  bacillus  produces  a  substance  which  is  toxic  for  guinea-pigs  and 
is  but  slightly  toxic  for  grown  fowls. 

**  7.  The  tuberculosis  produced  in  fowls  by  this  bacillus  is  without  iriant 
cells." 

55.    BACILLUS  LEPRAE. 

Discovered  by  Hansen  (1879),  chiefly  in  the  interior  of  the  peculiar 
round  or  oval  cells  found  in  leprous  tubercles.  Discovery  confirmed 
by  Neisser  (1879)  and  by  many  subsequent  observers. 

While  found  chiefly  in  the  leprous  tubercles  of  the  skin  and  mucous 
membranes,  the  bacilli  have  also  been  found  in  the  lymphatic  glands, 
the  liver,  the  spleen,  the  testicles,  and,  in  the  anaesthetic  form  of  the 
disease,  in  the  thickened  portions  of  nerves  involved  in  the  leprous 
l^rocess.  Some  observers  have  also  reported  finding  them  in  the 
blood,  but  this  appears  to  be  quite  exceptional.  In  the  leprous  cells 
they  are  commonly  found  in  great  numbers,  and  they  may  also  be 
seen  in  the  hnnph  spaces  outside  of  these  cells.  They  are  not  found 
in  the  epidermal  layer  of  the  skin,  but,  according  to  Babes,  they  may 
penetrate  the  hair  follicles. 

Morphology, — The  bacillus  of  leprosy  resembles  the  tubercle  ba- 
cillus in  form,  but  is  of  more  uniforin  length  and  not  so  frequently 
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bent  or  curved.  The  rods  have  pointed  ends ;  and  in  stained  pre- 
parations unstained  spaces,  similar  to  those  observed  in  the  tubercle 
bacillus  and  generally  assumed  to  be  spores,  are  to  be  seen,  although 
not  quite  so  distinctly  as  in  the  latter.  The  bacilli  are  said  by  Flugge 
to  be  from  four  to  six  //  in  length  and  less  than  one  ^  in  width — 
probably  considerably  less,  for  the  same  author  states  that  the  tubercle 
bacillus  has  about  the  diameter 


m^, 


pw^fii 


Fio.  12%— Section  of  a  recent  lepra  nodule  of 
the  akin,    x  050.   (Baumgarten.) 
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of  the  bacillus  of  mouse  septi- 
caemia, and  this  is  given  as  0.2  )w. 

This  bacillus  stains  readily 
with  the  aniline  colors  and  also 
by  Gram's  method.  Although  it 
differs  from  the  tubercle  bacillus 
in  the  ease  with  which  it  takes  up 
the  ordinary  aniline  colors,  it  re 
sembles  it  in  retaining  its  color 
when  subseijuently  treated  with 
strong  solutions  of  the  mineral 
acids.  Double-stained  prepara- 
tions are  therefore  easily  made  by  first  staining  sections  or  cover- 
glass  preparations  in  Ziehl's  carbol-f  uchsin  solution  or  in  an  aqueous 
solution  of  methyl  violet,  decolorizing  in  acid,  washing  in  alcohol, 
and  counter-staining  with  methylene  blue — or,  if  methyl  violet  was 
used  in  the  first  instance,  with  vesuvin. 

Biological  Characters. — The  earlier  attempts  to  cultivate  this 
bacillus  were  without  success,  but  recently  Bordoni-Uflfreduzzi  has 
obtained  from  the  marrow  of  the  bones  of  a  leper  a  bacillus  which 
he  beheves  to  be  the  leprosy  bacillus,  and  which  he  was  able  to  culti- 
vate upon  blood  serum  to  which  a  certain  amount  of  peptone  and  of 
glycerin  had  been  added.  At  first  this  bacillus  only  grew  with  diffi- 
culty and  in  the  incubating  oven  ;  but  after  it  had  been  cultivated 
artificially  through  a  number  of  generations  it  is  said  to  have  grown 
upon  ordinary  nutrient  gelatin  at  the  room  temperature.  The  bacillus 
obtained  in  this  way  is  said  to  have  retained  its  color  when  treated 
^rith  acids,  after  having  been  stained  with  aniline-f  uchsin,  correspond- 
ing in  this  respect  with  the  bacillus  of  leprosy  and  the  tubercle  ba- 
cillus. But  it  differed  considerably  in  its  morphology  from  the  Ba- 
cillus leprae  as  seen  in  the  tissues  of  lepers,  being  considerably  thicker, 
and  it  was  not  so  promptly  stained  by  the  aniline  colors  as  is  the 
bacillus  found  in  the  tissues.  Moreover,  attempts  to  cultivate  the 
same  bacillus  from  leprous  tubercles  of  the  skin  were  unsuccessful, 
as  were  also  inoculation  experiments  into  the  anterior  chamber  of  the 
eye  in  rabbits.  It  is  therefore  a  matter  of  doubt  as  to  whether  the 
bacillus  obtained  by  Bordoni-Ufireduzzi  is  identical  with  that  present 
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in  such  ntunbers  in  the  cells  of  the  leprous  tubercles,  to  which  the 
name  Bacillus  leprsd  has  been  given.  Quite  recently  the  announce- 
ment has  been  made  that  the  '^  India  Leprosy  Commission  *'  has  suc- 
ceeded in  cultivating  the  leprosy  bacillus  in  blister  serum.  Not  hav- 
ing seen  a  detailed  account  of  the  experiments  of  this  Commission, 
the  writer  is  unable  to  estimate  the  Falue  of  their  work  and  the  reli- 
ability of  the  alleged  success  in  cultivating  this  bacillus. 

Some  of  the  earlier  observers  described  the  bacillus  of  leprosy  as 
motile,  but  this  assertion  seems  to  have  been  based  upon  some  error 
of  observation,  and  it  is  now  generally  agreed  that,  like  the  tubercle 
bacillus,  it  is  without  proper  movements.  The  question  of  spore  for- 
mation has  not  been  definitely  settled.  As  before  remarked,  un- 
stained portions,  occurring  at  regular  intervals,  are  seen  in  the  rods  in 
stained  preparations ;  but  no  satisfactory  evidence  has  been  presented 
to  show  that  these  are  truly  reproductive  spores. 

Pathogenesis, — The  inference  that  the  bacillus  above  described 
bears  an  etiological  relation  to  the  disease  with  which  it  is  associated 
is  based  upon  the  demonstration  of  its  constant  presence  in  leprous 
tissues — which  has  now  been  repeatedly  made  in  various  and  distant 
parts  of  the  world — ^and  of  its  absence  from  the  same  tissues  involved 
in  different  morbid  processes.  As  it  has  not  been  obtained  in  pure 
cultures,  the  final  proof  of  such  etiological  relation  is  still  wanting. 
We  have,  however,  experimental  evidence  to  show  that  leprous  tis- 
sues containing  this  bacillus  are  infectious  and  may  reproduce  the 
disease.  The  experiment  has  been  made  upon  man  by  Aming,  who 
inoculated  a  condemned  criminal  subcutaneously  with  fresh  leprous 
tubercles.  The  experiment  was  made  in  the  Sandwich  Islands,  and 
the  man  was  under  observation  until  his  death  occurred  from  leprosy 
at  the  end  of  about  five  years.  The  first  manifestations  of  the  disease 
became  visible  in  the  vicinity  of  the  point  of  inoculation  several 
months  after  the  experimental  introduction  of  the  infectious  material. 

Positive  results  have  also  been  reported  in  the  lower  animals  by 
Damsch,  by  Vossius,  and  by  Melcher  and  Ortmann.  The  last-named 
investigators  inoculated  rabbits  in  the  anterior  chamber  of  the  eye 
^vith  portions  of  leprous  tubercles  excised  for  the  purpose  from  a 
leper.  The  animals  died  from  general  infection  at  the  end  of  several 
months,  and  the  characteristic  tubercles  containing  the  bacillus  were 
distributed  through  the  various  organs. 

56.    BACILLUS  MALLEI. 

Synonyms, — The  bacillus  of  glanders;  Der  Rotzbacillus,  Oer,  : 
Bacille  de  la  morve,  Fr, 

Discovered  by  Loffler  and  Schiitz  (1882),  and  proved  to  be  the 
cause  of  glanders  by  the  successful  inoculation  of  pure  cultures. 
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Found  especially  in  the  recent  nodules  in  animals  infected  with 
glanders ;  also  in  the  same  after  ulceration,  and  in  the  discharge 
from  the  nostrils,  pus  from  the  specific  ulcers,  etc. ;  sometimes  in  the 
blood  of  infected  animals  (Weichselbaum). 

Morphology. — Bacilli  with  rounded  ends,  straight  or  slightly 
curved,  rather  shorter  and  decidedly  thicker  than  the  tubercle  bacil- 
lus ;  usually  soUtary,  but  occasionally  united  in 
{>airs,  or  in  filaments  containing  several  elements 
(in  potato  cultures).  In  stained  preparations 
unstained  or  feebly  stained  spaces  are  seen  in 
the  rods,  alternating  with  the  deeply  stained 
protoplasm  of  the  cell.  As  in  the  tubercle  bacil- 
lus, which  presents  a  similar  appearance,  these 
spaces  have  been  supposed  by  some  bacteriolo- 
gists to  represent  spores ;  but  Loffler  believes 
them  to  represent  rather  a  degeneration  of  the 
protoplasm.  Baumgarten  and  Rosenthal  claim 
to  have  demonstrated  the  presence  of  spores  by  the  use  of  Neisser's 
method  of  staining,  but  they  do  not  consider  it  established  that  the 
unstained  spaces  in  the  rods  referred  to  are  of  this  nature. 

The  glanders  bacillus  may  be  stained  with  aqueous  solutions  of 
the  aniline  colors,  but  the  staining  is  more  intense  when  the  solution 


Fio.  128.— Bacillus  mal- 
lei. X  1,000.  From  a  pho- 
tomicrograph. (Trftnkel 
and  Pfeiffer.) 
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Fia.  tM.—Section  of  a  glanders  nodule,    x  700.   (Fl&gge.) 

is  made  feebly  alkaline.  Add  to  three  cubic  centimetres  of  a  1 :  10,000 
solution  of  caustic  potash,  in  a  watch  glass,  one  cubic  centimetre  of 
a  saturated  alcoholic  solution  of  an  aniline  color  (methylene  blue, 
gentian  violet,  or  fuchsin)  ;  or  the  aniline- water-fuchsin,  or  methyl 
violet  solution  of  Ehrlich  may  be  used,  with  the  addition  just  be- 
fore use  of  an  equal  quantity  of  1 :  10,000  solution  of  caustic  potash. 
Loffler  recommends  that  cover-glass  preparations  be  placed  in  Ehr- 
lich's  solution  and  heated  for  five  minutes;  then  decolorized  in  a  one- 
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per-cent  solution  of  acetic  acid  to  which  suflSicient  tropaBolin  has 
been  added  to  give  it  the  yellow  color  of  Rhine  wine ;  then  quickly 
washed  in  distilled  water.  This  bacillus  presents  the  peculiarity  of 
losing  very  quickly  in  decolorizing  solutions  the  color  imparted  to  it 
by  the  aniline  staining  solutions.  For  this  reason  the  staining  of  the 
bacillus  in  sections  is  attended  with  some  difficulty.  Loffler  recom- 
mends his  alkaline  methylene-blue  solution  for  staining  sections  ;  and 
for  decolorizing,  a  mixture  containing  ten  cubic  centimetres  of  distilled 
water,  two  drops  of  strong  sulphuric  acid,  and  one  drop  of  a  five- 
per-cent  solution  of  oxalic  acid.  Thin  sections  should  be  left  in  this 
acid  solution  about  five  seconds.  The  method  more  recently  recom- 
mended by  Kiihne  also  gives  good  results  in  skilful  hands  (see  p.  34). 

Biological  Characters, — An  aerobic,  non-motile,  parasitic 
bacillus,  which  may  be  cultivated  in  various  artificial  media  at  a 
temperature  of  37°  C.  The  lowest  temperature  at  which  develop- 
ment occurs  (22°  C. — Loffler)  is  a  little  above  that  at  which  nutrient 
gelatin  is  liquefied  ;  the  highest  limit  is  43°  C.  According  to  Frankel, 
the  glanders  bacillus  is  a  facultative  anaerobic,  Baumgarten  and 
Rosenthal  claim  to  have  demonstrated  the  presence  of  spores  by 
Neisser's  method  of  staining.  Loffler  was  led  to  doubt  the  forma- 
tion of  spores  from  the  results  of  his  experiments  upon  the  thermal 
death-point  of  this  bacillus,  and  its  comparatively  sUght  resistance 
to  desiccation  and  destructive  chemical  agents.  He  found  that  ex- 
posure for  ten  minutes  to  a  temperature  of  55°  C,  or  for  five  minutes 
to  a  three-  to  five-per-cent  solution  of  carboUc  acid,  or  for  two  min- 
utes to  a  1  : 5,000  solution  of  mercuric  chloride,  was  effectual  in  de- 
stroying its  vitality.  As  a  rule,  the  bacilli  do  not  grow  after  having 
been  preserved  in  a  desiccated  condition  for  a  few  weeks  ;  and  in  a 
moist  condition  the  cultures  cannot  be  preserved  longer  than  three 
or  four  months — ^usually  not  so  long  as  this  (Loffler).  The  bacillus 
does  not  grow  in  infusions  of  hay,  straw,  or  horse  manure,  and  it  is 
doubtful  whether  it  finds  conditions  in  nature  favorable  for  its  sap- 
rophytic existence.  It  grows,  in  the  incubating  oven,  in  neutral 
bouillon,  in  nutrient  gelatin,  or  in  nutrient  agar,  and  still  better  in 
glycerin-agar.  Upon  the  last-mentioned  medium  it  grows,  even  at 
the  room  temperature  (Kranzfeld),  but  better  still  in  the  incubating 
(3ven,  as  a  pale- white,  transparent  streak  along  the  line  of  inocula- 
tion, which  at  the  end  of  six  or  seven  days  may  have  a  width  of 
seven  to  eight  millimetres.  According  to  Raskina,  nutrient  agar 
made  with  milk  forms  an  extremely  favorable  medium,  upon  which 
a  thick,  pale-white  layer  develops  in  two  or  three  days,  which  on  the 
third  or  fourth  day  acquires  an  amber-yellow  color,  and  the  deeper 
layers  acquire  a  brownish-red  tint. 

The  growth  upon  solidified  blood  serum,  in  the  course  of  three  or 
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four  days  at  37°  C,  consists  of  yellowish,  transparent  drops,  which 
later  coalesce  into  a  viscid  layer,  which  has  a  milky  appearance  from 
the  presence  of  numerous  small  crystals  (Baumgarten).  The  growth 
upon  cooked  potato  is  especially  characteristic.  In  the  incubating 
oven,  at  the  end  of  two  or  three  days,  a  rather  thin,  yellowish,  trans- 
parent layer  develops,  which  resembles  a  thin  layer  of  honey.  Later 
this  ceases  to  be  transparent,  and  the  amber  color  changes,  at  the 
end  of  six  to  eight  days,  to  a  reddish-brown  color ;  and  outside  of 
the  reddish-brown  layer,  with  more  or  less  irregular  outlines,  the 
potato  for  a  short  distance  acquires  a  greenish-yellow  tint. 

Pathogenesis. — Glanders  occurs  principally  among  horses  and 
asses,  but  may  be  contracted  by  man  from  contact  with  infected 
animals ;  it  has  also  been  communicated,  in  one  instance  with  a  fatal 
result,  by  subcutaneous  inoculation,  resulting  accidentally  from  the 
use  of  an  imperfectly  sterilized  hypodermic  syringe  which  had  pre- 
viously been  used  for  injecting  cultures  of  the  bacillus  into  guinea- 
pigs.  The  field  mouse  and  the  guinea-pig  are  especially  susceptible 
to  infection  by  experimental  inoculations  ;  the  cat  and  the  goat  may 
be  infected  in  the  same  way.  Lions  and  tigers  in  menageries  are 
said  to  have  contracted  glanders  from  being  fed  upon  the  flesh  of  in- 
fected animals  (Baumgarten).  Rabbits  have  but  slight  susceptibility, 
and  the  same  is  true  of  sheep  and  dogs ;  swine,  cattle,  white  mice, 
and  common  house  mice  are  immune. 

The  etiological  relation  of  the  bacillus  is  fully  established  by  the 
experiments  of  Loffler  and  Schiitz,  confirmed  by  other  bacteriologists, 
which  show  that  pure  cultures  injected  into  horses,  asses,  and  other 
susceptible  animals,  produce  genuine  glanders.  The  disease  is  char- 
acterized in  the  equine  genus  by  the  formation  of  ulcers  upon  the 
nasal  mucous  membrane,  which  have  irregular,  thickened  margins 
and  secrete  a  thin,  virulent  mucus;  the  submaxillary  lymphatic 
glands  become  enlarged  and  form  a  tumor  which  is  often  lobulated  ; 
other  lymphatic  glands  become  inflamed,  and  some  of  them  suppurate 
and  open  externally,  leaving  deep,  open  ulcers ;  the  lungs  are  also 
involved  and  the  breathing  becomes  hurried  and  irregular.  In  farcy, 
which  is  a  more  chronic  form  of  the  same  disease,  circumscribed 
swellings,  varying  in  size  from  a  pea  to  a  hazelnut,  appear  on  differ- 
ent parts  of  the  body,  especially  where  the  skin  is  thinnest ;  these 
suppurate  and  leave  angry-looking  ulcers  with  ragged  edges,  from 
which  there  is  an  abundant  purulent  discharge.  The  specific  bacillus 
can  easily  be  obtained  in  pure  cultures  from  the  interior  of  suppurat- 
ing nodules  and  glands  which  have  not  yet  opened  to  the  surface, 
and  the  same  material  will  give  successful  results  when  inoculated 
into  susceptible  animals.  But  the  discharge  from  the  nostrils  or  from 
an  open  ulcer  contains  comparatively  few  bacilli ;  and  as  these  are 


Digitized  by  VjOOQIC 


400  BACILLI  IN  CHRONIC  INFECTIOUS  DISEASES. 

associated  with  various  other  bacteria  which  grow  more  readily  in 
our  culture  media,  it  is  not  easy  to  obtain  pure  cultures,  by  the  plate 
method,  from  such  material. 

In  the  guinea-pig  subcutaneous  inoculation  is  followed  in  four  or 
five  days  by  tumefaction  at  the  point  of  inoculation,  and  after  a  time 
a  prominent  tiimor  with  caseous  contents  is  developed ;  ulceration  of 
the  skin  follows,  and  a  chronic,  purulent  ulcer  with  irregular,  indu- 
rated margins  results ;  after  a  time  this  may  cicatrize.  Meanwhile 
the  lymphatic  glands  become  involved,  and  tibe  symptoms  of  general 
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Feo.  125.— Section  through  a  glaoden  nodnle  in  liver  of  field  mouse.  Tissue  x  S60.  Bacilli 
X  500.    (BaumgartexL) 

infection  are  developed  at  the  end  of  four  or  five  weeks ;  the  glands 
suppurate,  and  in  males  the  testicles  are  also  involved ;  finally  a  dif- 
fuse inflammation  of  the  joints  occurs,  and  death  results  from  ex- 
haustion. In  the  guinea-pig  the  specifio  ulcers  upon  the  nasal  mu- 
cous membrane,  which  characterize  the  disease  in  the  horse,  are  rarely 
developed  to  any  great  extent. 

In  field  mice  general  infection  occurs  at  once  as  a  result  of  the 
subcutaneous  injection  of  a  small  quantity  of  a  pure  culture,  and  the 
animal  dies  at  the  end  of  three  or  four  days.     Upon  post-mortem 
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examination  the  principal  changes  are  found  in  the  liver  and  in  the 
greatly  enlarged  spleen.  Scattered  through  these  organs  are  minute 
gray  points  which  are  scarcely  visible  to  the  naked  eye.  In  the 
guinear-pig,  which  succumbs  at  a  later  date,  these  nodules  are  larger 
and  closely  resemble  miliary  tubercles,  both  macroscopically  and 
under  the  microscope,  in  stained  sections  of  the  tissues.  Similar 
nodules  are  also  found  in  the  kidneys  and  in  the  lungs ;  they  have  a 
decided  tendency  to  undergo  purulent  degeneration.  The  bacilli  are 
found  principally  in  these  nodules,  of  recent  formation,  and  are  com- 
monly associated  in  groups,  as  if  they  had  been  enclosed  in  the  inte- 
rior of  a  cell  the  membranous  envelope  of  which  had  undergone 
degeneration  and  disappeared. 

As  before  remarked,  it  is  not  an  easy  matter  to  demonstrate  the 
bacillus  in  sections  of  the  tissues  containing  these  nodules,  owing  to 
the  facility  with  which  they  lose  their  color  in  alcohol  and  other  de- 
colorizing agents.  For  this  reason  it  will  be  best  to  dehydrate  sec- 
tions by  the  use  of  aniline  oil  (Weigert's  method)  or  to  resort  to 
Kiihne^s  method  of  staining. 

It  is  also  difficult  to  demonstrate  the  presence  of  the  bacillus  in 
nodules  which  have  undergone  purulent  degeneration,  in  the  secre- 
tions from  the  nostrils  of  horses  suffering  from  glanders,  or  in  the 
pus  from  the  specific  ulcers  and  suppurating  glands ;  for  they  are 
present  in  comparatively  small  numbers.  But  the  virulent  nature  of 
these  discharges  is  shown  by  inoculations  into  guinea-pigs  or  mice, 
and  it  is  easier  to  obtain  a  pure  culture  from  such  virulent  material 
by  first  inoculating  a  susceptible  animal  than  directly  by  the  plate 
method;  for  the  small  number  of  bacilli  present,  and  their  associa- 
tion with  other  bacteria  which  develop  more  rapidly  in  our  culture 
media,  make  this  a  very  uncertain  procedure.  For  establishing  the 
diagnosis  of  glanders,  therefore,  Loffler  recommends  the  inoculation 
of  guinea-pigs  with  pus  from  a  suppurating  gland  or  ulcer,  or  tho 
nasal  discharge  from  a  suspected  animal,  rather  than  a  direct  attempt 
to  demonstrate  the  presence  of  the  bacillus  by  staining  and  culture 
methods. 

The  method  proposed  by  Strauss  gives  more  prompt  results. 
This  consists  in  the  intraperitoneal  injection  of  cultures  or  of  the 
suspected  products  into  the  cavity  of  the  abdomen  of  male  guinea- 
pigs.  If  the  glanders  bacillus  is  present  the  diagnosis  may  be  made 
within  three  or  four  days  from  the  infectious  process  established  in 
the  tosticles.  At  the  end  of  this  time  the  scrotum  is  red  and  shining, 
the  epidermis  desquamates,  and  suppuration  occurs,  the  pus  some- 
times perforating  tiie  integument.  This  pus  is  found  to  contain  the 
glanders  bacillus.  The  animal  usually  dies  in  the  course  of  twelvo 
to  fifteen  days.     When  the  animals  are  killed  three  or  four  daya 
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after  the  inoculation,  the  two  layers  of  the  tunica  vaginalis  testis 
are  found  to  be  covered  with  a  purulent  exudate  containing  the 
glanders  bacillus  and  to  be  more  or  less  adherent.  Even  as  early 
as  the  second  day  the  tunica  vaginalis  is  seen  to  be  covered  with 
granulations. 

An  attenuation  of  virulence  occurs  in  cultures  whicn  have  been 
kept  for  some  time,  and  inoculations  with  such  cultures  may  give  a 
negative  result ;  or,  when  considerable  quantities  are  injected,  may 
produce  a  fatal  result  at  a  later  date  than  is  usual  when  small 
amounts  of  a  recent  culture  are  injected  into  susceptible  animals. 

Kalning,  Preusse,  and  Pearson  have  obtained  from  cultures  of 
the  glanders  bacillus  a  glycerin  extract  similar  to  the  crude  tubercu- 
lin of  Koch — mallein.  This,  when  injected  into  animals  suffering 
from  glanders,  gives  rise  to  a  considerable  elevation  of  temperature, 
and  it  has  been  proposed  to  use  it  as  a  means  of  diagnosis  in  cases  of 
suspected  infection  in  animals  in  which  the  usual  symptoms  have  not 
yet  manifested  themselves.  The  value  of  the  test  has  already  been 
demonstrated  by  the  experiments  of  Heyne,  Schilling,  and  others. 

57.    BACILLUS  OP    LUSTGARTEN. 

Synonym, — Syphilis  bacillus. 

Found  by  Lust^rten  (1884)  in  syphilitic  lesions  and  in  secretions  of 
svphilitic  ulcers,  and  believed  by  him  to  be  the  specific  infectious  agent  in 
tnis  disease.  No  satisfactory  experimental  evidence  that  this  is  the  case  has 
yet  been  obtained. 

Morphology, — Straight  or  curved  bacilli,  which  bear  considerable  resem- 
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Fio.  126.  Pio.  127. 

Fia.  126.— Migrating  cell  coDtainlng  syphiliB  bacilli.    (LuBtgarten.) 
Fio.  127  —Pus  from  hard  chancre  containing  syphilis  bacilli     (Lustgarten.) 

blance  to  tubercle  bacilli,  but  differ  from  them  in  the  staining  reactions. 
They  are  usually  more  or  less  curved,  or  bent  at  a  sharp  angle,  or  S-shaped; 
the  ends  often  present  slight  knob-like  swellinffs  ;  the  length  is  from  three 
and  one-half  m  to  four  and  one-half  fi,  and  the  diameter  is  fromO.25  to  0.3  //. 
With  a  high  power  the  contour  is  seen  to  be  not  ouite  regular,  but  wavy  in 
outline,  and  bright,  shining  spaces  in  the  deeply  stained  rods  may  be  ob- 
served; these,  from  two  to  four  in  a  single  rod,  &re  believed  by  Lustgarten 
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to  be  spores.  The  bacilli  are  not  found  free  in  the  tissues,  but  are  enclosed 
in  cells  of  a  round-oval  or  polygonid  form,  which  are  said  to  be  about  double 
the  size  of  a  white  blood  corpuscle.  The  bacilli  are  not  numerous,  and  very 
commonly  only  one  or  two  are  found  in  a  single  cell,  but  groups  of  six  or 
eight  may  sometimes  be  seen,  especially  upon  the  margins  of  a  syphilitic 
lesion,  and  in  the  tissues  in  the  immediate  vicinity  of  the  infiltration,  which 
show  but  little  change  or  are  apparently  healthy  (Lustgarten). 

The  presence  of  these  bacilli  in  syphilitic  lesions  was  demonstrated  by 
Lustgarten  by  the  following  staining  method :  The  thin  sections  are  placed 
in  the  Ehrlicn-Weigert  gentian- violet  solution  (one  hundred  parts  aniline 
water,  eleven  parts  saturated  alcoholic  solution  of  gentian  violet)  for  from 
twelve  to  twenty -four  hours  at  the  room  temperature,  and  two  hours  in  the 
incubating  oven  at  40°  C.  The  sections  are  then  thoroughly  washed  in  alco- 
hol and  placed  for  ten  seconds  in  a  1. 5-per-cent  solution  of  potassium  per- 
manganat'C;  in  this  solution  a  precipitate  of  peroxide  of  manganese  is 
formed,  whichadheres  to  the  section;  this  is  dissolved  and  washed  off  in  a 
dilute  aqueous  solution  of  pure  sulphuric  acid;  the  sections  are  then  washed 
in  water,  and,  if  not  completely  decolorized,  are  returned  for  a  few  seconds  to 
the  permanganate  solution  and  again  washed  off  in  the  acid;  it  may  be 
necessary  to  repeat  this  operation  three  or  four  times.  Finally  the  sections 
are  dehydrated  and  mounted  in  balsam  in  the  usual  manner.  Cover-sflass 
preparations  are  made  in  the  same  way,  except  that,  after  being  taken  from 
tiie  staining  solution,  they  are  washed  off  in  water  instead  of  in  alcohol. 

Another  method  of  stainins*,  recommended  by  De  Giacoma,  consists  in 
placing  the  sections  for  twenty-four  hours  in  aniline- water-fuchsin  solution 
(cover-glass  preparations  may  be  stained  in  the  same  solution,  hot,  in  a  few 
minutes),  then  washing*  them  in  water,  and  decolorizing  in  a  solution  of  per- 
chloride  of  iron — ^first  m  a  dilute  and  then  in  a  saturate  solution. 

The  method  of  staining  employed  by  Lustgarten  serves  to  differentiate 
his  bacillus  from  many  other  microoi^anisms,  but  not  from  the  tubercle  ba- 
cillus and  the  bacillus  of  leprosy,  which,  as  he  pointed  out,  may  be  stained 
in  the  same  way.  And  it  has  smce  been  shown  by  Alvarez  and  Tavel,  and 
by  Matterstock,  that  in  smegma  from  the  prepuce  or  the  vulva,  bacilli  are 
found  which  have  the  same  staining  reaction  and  are  similar  in  their  mor- 
phology to  the  bacillus  of  Lustgarten.  This  by  no  means  proves  that  the 
smegma  bacilli  found  under  the  prepuce  of  healthy  persons  are  identical 
with  the  bacilli  found  by  Lustgarten  and  others  in  sections  of  tissues  involved 
in  syphilomata.  In  the  absence  of  pure  cultures  and  inoculation  experiments 
it  is  impossible  to  establish  identity,  however  similar  may  be  the  characters 
referreu  to.  Several  well-known  pathogenic  bacilli  resemble  quite  as  closely 
in  these  particulars  other  bacilli  which  luive,  nevertheless,  been  differentiated 
from  them  by  culture  and  inoculation  experiments.  We  may  mention 
especially  in  this  connection  the  bacillus  of  diphtheria,  as  obtained  from  the 
pseudo-membranous  exudation  in  a  genuine  case  of  this  disease,  and  the 
pseudo  diphtheria  bacilli  found  by  Boux  and  Yersinin  the  fauces  of  healthy 
children.  On  the  other  hand,  smce  it  has  been  shown  that  similar  bacilli 
are  common  in  preputial  smegma,  we  cannot  attach  great  importance  to  the 
finding  of  Lustgarten's  bacillus  in  primary  syphilitic  sores;  and  it  has  not 
been  found  in  sufficient  numbers,  or  with  sufficient  constancy,  by  those  who 
have  searched  for  it  subsequently  to  the  publication  of  Lustgarten^s  inves- 
tigations, to  give  strong  support  to  the  view  that  it  is  the  specific  infectious 
agent  in  ^philis.  Baumg^rten,  who  has  searched  in  vain  for  Lustgarten's 
bacillus  in  uncomplicated  visceral  syphilomata,  suggests  that  the  bacilli 
found  occasiona^lly  in  such  lesions  were  perhaps  tul^rcle  bacilli  and  repre- 
sented a  mixed  infection.  As  the  bacillus  under  consideration  has  not  oeen 
obtained  in  cultures,  we  have  no  information  as  to  its  biological  characters 
and  pathogenesis. 

THE  SYPHILIS  BACILLUS  OP  EVE  AND  LINGARD. 
Eve  and  Lingard  (1886)  report  that  they  have  obtained  in  cultures  from 
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the  blood  and  diseased  tissues  of  syphilitics  who  have  not  undergone  mer- 
cunal  treatment,  bacilli  which  in  their  form  and  dimensions  resemble  the 
tubercle  bacilli,  but  which  stain  readily  by  the  common  aniline  colors  and 
by  Gram's  method,  and  are  not  stained  by  Lustgarten's  method.  They  grow 
readily  upon  solidified  blood  serum,  forming  a  thin,  pale-yellow  or  brown- 
ish-yellow layer.  Inoculations  of  pure  cultures  into  apes  were  without 
result.  The  negative  results  which  have  attended  the  culture  experiments 
and  microscopical  examinations  of  the  blood  and  diseased*tis8ues,  made  by 
many  competent  bacteriologists  in  other  parts  of  Europe,  make  it  appear 
probable  that  the  bacilli  described  by  the  English  investigators  named  belong 
to  some  saprophytic  species,  and  that  they  are  not  usually  present  in  syphilo- 
mata  or  the  blood  of  syphilitic  patients. 

MICROCOCCI  OP  DIS8E  AND   TAGUCHI. 

Disse  and  Taguchi  (1886)  claim  to  have  obtained  from  the  blood  of  syphi- 
litics micrococci  which  they  were  able  to  cultivate  in  artificial  media  at  20 
to  40°  C,  and  which  formed  on  the  surface  of  such  media  a  grayish- white 
layer  consisting  of  diplococci  which  are  motile  and  of  larger  motion  less  cocci. 
The  diplococci  are  said  to  originate  from  division  of  the  larger  cocci.  Inocu- 
lations into  rabbits,  dogs,  and  sheep  gave  rise  to  chronic  interstitial  inflam- 
matory processes  in  the  lungs  and  liver,  to  ^ranulomata  in  various  organs, 
and  to  fattv  degenerative  changes  in  the  walls  of  the  arteries,  which,  in  the 
opinion  of  the  authors  named,  correspond  with  the  pathological  changes 
produced  by  syphilitic  infection  in  man.  We  remark,  with  reference  to  tlie 
supposed  etiological  relation  of  this  coccus,  that  bacteriologists  in  Europe 
have  not  confirmed  the  authors  named  as  to  the  pi*esence  of  this  micrococcus 
in  the  blood  of  syphilitics,  and  that  the  micrococcus  of  progressive  granuloma 
formation  described  by  Manfredi  produces  similar  pathological  changes  iu 
inoculated  animals ;  also  that  there  is  no  evidence  that  the  animals  experi- 
mented upon  are  subject  to  syphilitic  iilfectioii. 

58.   BACILLUS  OF  RHINOSCLEROMA   (?). 

First  observed  by  Von  Frisch  (1882)  in  the  newly  formed  tubercles  of 
rhinoscleroma.    Cultivated  by  Paltauf  and  Von  Eiselberg  (1886). 

Bhinoscleroma  is  a  chronic  affection  of  the  skin,  and  especially  of  the 
mucous  membrane  of  the  nares,  which  is  characterized  by  the  formation  of 
tubei*cular  thickenings  of  the  skin  and  tumefaction  of  the  nasal  mucous 
membrane,  followed  sometimes  by  ulceration.  It  prevails  in  Italy,  Austria, 
and  to  a  slight  extent  in  some  parts  of  Germany.  Pathologists  generally 
regard  it  as  an  infectious  process,  although  this  has  not  been  prov^. 

The  bacilli,  first  described  by  Von  Frisch,  appear  to  be  constantly  present 
in  the  newly  formed  tubercles.  They  are  commonly  found  in  certain  large 
hyaline  cells  peculiar  to  the  disease,  and  may  also  be  observed  in  the  lym- 
phatic vessels  or  scattered  about  in  the  involved  tissues. 

Morphology. — Short  bacilli  with  rounded  ends,  usually  united  in  pairs, 
and  surrounded  by  a  gelatinous  capsule  resembling  that  of  Fried  lander's 
bacillus.  According  to  Eisenberg,  the  bacilli  are  two  to  three  times  as  long 
as  broad,  and  may  ^row  out  into  filaments. 

These  bacilli  stain  readily  with  the  aniline  colors  and  by  Gram's  method. 
The  capsule  may  be  demonstrated  by  the  methods  usually  employed  in  stain- 
ing Friedlander's  bacillus,  or  by  the  following  method  which  is  especially 
recommended  by  Alvarez :  The  excised  portions  of  tissue  involved  in  the  dis- 
ease are  placed  for  twenty-four  hours  in  a  one-per-cent  solution  of  osmic 
acid  and  then  in  absolute  alcohol.  When  properly  hardened  thin  sections 
are  made;  these  are  stained  in  a  hot  solution  of  aniline- water- methyl- violet 
for  a  few  minutes,  and  then  decolorized,  by  Gram's  method,  in  iodine  so- 
lution. 

Biological  Characters.^ h.n  aerobic,  non-motile^  non-liquefying  bacillus 
(facultative  anaerobic  ?). 
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In  gelatin  stick  cultures  the  growth  resembles  that  of  Friedlander*s  ba- 
cillus— i.e.y  a  nail-like  growth,  coiisistins[  of  densely  crowded,  opaque  colonies 
along  the  line  of  puncture,  and  a  heaped-up,  white,  glistening  mass  upon  the 
surface,  hemispherical  in  form  and  viscous  in  consistence.  Upon  gelatin 
plates  yellowish-white,  spherical  colonies  are  developed  within  two  or  three 
days,  which  under  the  microscope  are  seen  to  be  granular.  Upon  potato  a 
cream-like  growth  occurs  along  the  line  of  inoculation,  which  is  white  or 
jellowish-wnite  in  color,  and  in  which  gas  bubbles  mav  be  developed.  De- 
velopment is  most  rapid  at  a  temperature  of  35"  to  38%  but  also  occurs  at  the 
room  temperature. 

Pathogeneaia. — The  etiological  relation  of  this  bacillus  to  the  disease  with 
which  it  is  associated  has  not  been  established.  It  is  pathogenic  for  mice 
and  for  guinea-pigs,  less  so  for  rabbits ;  in  this  regard,  as  in  its  morphology 
and  growth  in  various  culture  media,  it  bears  a  close  resemblance  to  Fri^- 
liinder's  bacillus,  which  is  also  found  not  infrequently  in  the  nasal  secretions 
of  health jr  persons  and  in  those  suffering  from  chronic  nasal  catarrh  or  ozaena. 

The  principal  points  of  difference,  as  pointed  out  by  Baumgarten,  are  as 
follows :  The  bacillus  of  rhinoscleroma  is  usually  more  decidedly  rod-shaped 


Fio.  138.— Bacillus  of  rhinoscleroma  in  lymphatic  vessels  of  the  superficial  part  of  tumor. 
/  1,200.    (Oomn  and  Babes  ) 

than  Friedlander's  bacillus,  although  both  may  be  of  so  short  an  oval  as  to 
resemble  micrococci.  The  first-mentioned  bacillus  constantly  presents  the 
appearance  of  being  surrounded  by  a  transparent  capsule,  even  in  the  cul- 
tures in  artificial  media,  while  Friedlander's  bacillus  in  such  media  does  not 
usually  present  this  appearance,  unless  as  a  result  of  special  treatment. 
Finally,  the  bacillus  of  rhinoscleroma  may  retain  its  color,  in  part  at  least, 
when  treated  by  Gram's  method,  while  Friedlander's  bacillus  is  completely 
decolorized  when  placed  in  the  iodine  solution  employed  in  this  method. 

Notwithstandinfi^  these  points  of  difference,  Baumgarten  is  not  entirely 
satisfied  that  this  bacillus  is  a  distinct  species,  and  several  bacteriologists 
have  maintained  that  it  is  identical  with  the  bacillus  of  Friedlander. 

59.   BACILLUS    OF    KOUBASOFF. 

Obtained  by  Koubasoff  (1889)  from  new  growths  in  the  stomach  of  a 
person  who  died  of  cancer  of  the  stomach. 

Morphology. — Bacilli  with  round  ends,  or  with  one  end  pointed,  two  or 
three  times  as  long  as  the  tubercle  bacillus  and  three  or  four  times  as  thick. 

Stains  readily  with  the  aniline  colors. 

Biological  (fharactera, — An  aerobic  and  facultative  anaerobic,  non- 
liq^iefying,  motile  bacillus.  Forms  spores  in  the  centre  of  the  rods.  Grows 
in  the  usual  culture  media  at  the  room  temperature,  more  rapidly  at  30'  C 
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In  stick  cultures  in  glycerin-gelatin  the  growth  resembles  an  inverted  stetho- 
scope; at  the  surfaced  circular,  bluish  membrane  is  formed,  which  is  de- 
pressed in  the  form  of  a  funnel,  while  along  the  line  of  puncture  a  slender, 
yellowish,  jagged  column  is  developed.  Upon  agar,  at  36"  C,  a  bluish- 
white  layer  is  quickly  developed.  Upon  potato  the  growth  resembles  that 
of  the  typhoid  bacillus  at  first;  later  a  granular  membrane  is  formed;  under 
a  low  power  the  granules  appear  to  be  formed  of  intertwined  masses  of  fila- 
ments.    The  growth  upon  blood  serum  is  similar  to  that  upon  agar. 

Pathogenesis. — Subcutaneous  injections  in  guinea-pigs  cause  their  death 
in  one  to  two  weeks,  in  rabbits  in  one  to  two  months,  m  cats  and  dogs  in 
two  months  or  more.  Death  occurs  in  a  shorter  time  in  animals  which  have 
been  fed  upon  cultures  than  as  a  result  of  subcutaneous  injections.  The 
animals  become  very  much  emaciated  and  have  paralysis  of  the  sphincter 
muscles.  At  the  autopsy  flat  or  nodular  elevations,  which  are  often  ulce- 
rated, are  seen  here  and  there  upon  the  mucous  membrane  of  the  stomach 
and  intestine ;  the  mesentery,  especially  of  the  small  intestine,  is  hyperaemic ; 
the  mesenteric  glands  are  swollen,  as  are  also  the  inguinal  glands.  In  the 
liver  and  sometimes  in  the  ovary,  uterus,  and  spleen  larger  or  smaller  nod- 
ules are  seen. 

60.   BACILLUS  OF  NOCARD. 

Obtained  by  Nocard  (1888)  from  pus  collected  from  the  superficial  ab- 
scesses in  cattle  suffering  from  a  chronic  infectious  disease  which  prevails 
especially  upon  the  island  of  Guadaloupe — ^known  as  *' farcin  duboeuf '; 
Ger.  **  Wurmkrankheit." 

Morphology. — A,  long  and  slender  bacillus,  about  as  thick  as  the  bacillus 
of  rouget  (Bacillus  murisepticus) ;  usually  seen  in  tangled  masses  which 
consist  of  an  opaque  central  portion  surrounded  by  long  filaments,  which 
apparently  give  off  lateral  ramifications.  (This  description  of  the  morphol- 
ogy gives  rise  to  the  suspicion  that  the  microorganism  described  by  Nocanl 
is  a  microscopic  fungus  rather  than  a  bacillus.)  According  to  NocarcL,  the 
branching  is  more  apparent  than  real,  and  is  in  fact  a  false  mchotomization, 
such  as  is  seen  in  tlie  genus  Cladothrix. 

Stains  best  by  Weigert's  method ;  is  decolorized  by  Gram's  method.  Doe? 
not  stain  readily  with  most  aniline  colors. 

Biological  Characters. — An  aJercbic,  non-motile  bacillus,  which  does 
not  grow  in  nutrient  gelatin  at  the  room  temperature.  Grows  in  the  usual 
culture  media  at  a  temperature  of  30'  to  40°  C  Forms  small  oval  spores. 
Is  destroyed  in  ten  minutes  by  a  temperature  of  70"  C.  Upon  the  siirfcwe 
of  agar  it  forms  irregular,  opaque,  yellowish- white  colonies,  which  are 
thickest  at  the  margin,  have  a  dull,  dusty- looking,  mammillated  surface, 
and  after  a  time  become  confiuent,  forming  a  thick,  wrinkled,  membranous 
layer.  Upon  potato  development  is  rapid  in  the  form  of  prominent,  dry, 
pale- yellow  plaques.  In  bouillon  whitish  flocculi  are  formea,  most  of  which 
fall  to  the  bottom,  while  some  float  upon  the  surface,  where  they  form  dry, 
dusty-looking,  rounded  pelliclesofadirty-gray  color  withagreenish  reflection. 

Pathogenesis. — The  guinea-pig  is  the  most  susceptible  animal.  When 
injected  into  th^  peritoneal  cavity  of  one  of  these  animals  it  produces,  in 
from  nine  to  twenty  days,  lesions  which  closely  resemble  those  of  miliary 
tuberculosis.  At  the  autopsy  the  peritoneum  is  found  to  be  covered  Tvith 
nodules,  in  the  centre  of  which  the  oacillus  is  found  in  tangled  masses;  the 
liver,  spleen,  kidneys,  and  intestine  are  also  studded  with  pseudo-tubercles, 
but  these  are  only  found  in  the  peritoneal  coat  and  not  in  the  parenchyma 
of  the  various  organs,  or  in  the  organs  of  the  thoracic  cavity.  Intravenous 
injections  give  rise  to  lesions  similar  to  those  of  general  miliary  tuberculo- 
sis, the  organs  generally  containing  a  considerable  number  of  nodules,  in 
the  centre  of  which  tufts  of  bacilli  are  found.  In  cattle  and  sheep  similar 
lesions  result  from  intravenous  iniections,  but  without  causing  the  death  of 
the  animal.  The  doj^,  the  cat,  the  horse,  the  ass,  and  the  rabbit  are  immune. 
Subcutaneous  inoculations  in  guinea  pigs  produce  an  extensive  local  abscess, 
followed  by  a  chix)nic  induration  of  the  neighboring  lymphatic  glands. 
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XII. 

BACILLI  WHICH  PRODUCE  SEPTICEMIA  IN 
SUSCEPTIBLE  ANIMALS. 

When,  as  a  result  of  accidental  (natural)  or  experimental  inocula 
tion,  a  microorganism  is  introduced  into  the  body  of  a  susceptible 
animal  which  is  able  to  multiply  in  its  blood,  producing  a  general  in- 
fection, we  speak  of  this  general  blood  infection  as  a  septicdemia, 
^Vhen  pathogenic  microorganisms  which  are  unable  to  multiply  in 
the  blood  establish  themselves  in  some  particular  locality  in  the  ani- 
mal body  which  is  favorable  for  their  growth,  and  by  the  formation 
of  toxic  products,  which  are  absorbed,  give  rise  to  general  symptoms 
of  poisoning,  we  designate  the  affection  toxcemia.  As  examples  of 
this  mode  of  pathogenic  action  we  may  mention  diphtheria  and 
tetanus.  As  a  rule,  the  various  forms  of  septicaemia  are  quickly 
fatal,  and,  as  the  microorganisms  to  which  they  are  due  multiply  in 
the  blood  of  the  infected  animal,  this  fluid  possesses  infectious  pro- 
perties, and,  when  inoculated  in  the  smallest  quantity  into  another 
susceptible  animal,  reproduces  the  same  morbid  phenomena.  A  typi- 
cal example  of  this  class  of  diseases  is  f  oimd  in  anthrax,  to  which 
disease  a  special  section  has  already  been  devoted  (VII.).  But  in 
this  and  other  forms  of  septicaemia  subcutaneous  inoculations  do  not, 
as  a  rule,  residt  in  the  immediate  invasion  of  the  blood  by  the  para- 
sitic microorganism.  Often  a  local  inflammatory  process  of  consider- 
able extent  is  first  induced ;  and  in  some  cases  general  infection  only 
occurs  a  short  time  before  the  death  of  the  animal,  depending,  per- 
haps, upon  a  previous  toxaemia  from  the  absorption  of  toxic  products 
developed  at  the  seat  of  local  infection.  The  pathogenic  action,  then, 
in  acute  forms  of  septicaemia  appears  to  result,  not  alone  from  the 
presence  and  multiplication  of  the  pathogenic  microorganism  in  the 
blood,  but  also  from  the  toxic  action  of  products  evolved  during  its 
growth. 

Some  of  the  pathogenic  bacilli  of  this  class  now  known  to  bac- 
teriologists have  been  discovered  by  studying  the  infectious  diseases 
induced  by  them  in  lower  animals  among  which  these  diseases  pre- 
vail naturally — i.e.,  independently  of  human  interference.     Many 
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more  are  known  to  us  from  experiments  made  in  pathological  labora- 
tories, in  testing  by  inoculations  into  animals  bacteria  obtained  from 
various  sources,  with  reference  to  their  pathogenic  power.  We  in- 
clude in  this  group  only  those  bacilli  which  induce  fatal  septicaemi? 
in  susceptible  animals  when  injected  into  the  circulation  or  sub- 
cutaneously  in  a  comparatively  small  quantity — e.g.,  less  than  half 
a  cubic  centimetre  of  a  bouillon  culture. 

61.    BACILLUS   SEPTICEMIAS  HEMORRHAGICuE. 

Synonyms, — Bacillus  of  fowl  cholera ;  Microbe  du  cholera  des 
poules  (Pasteur);  Bacillus  choleras  gallinarum  (Fliigge);  Bacillus der 
Hiihnercholera ;  Bacillus  of  rabbit  septicsBmia ;  Bacillus  cuniculi- 
cida  (Fliigge)  ;  Bacillus  der  Kaninchenseptikamie  (Koch)  ;  Bacillus 
der  Rinderseuche  (Kitt)  ;  Bacillus  der  Schweineseuche  (Loffler  and 
Schutz)  ;  Bacillus  der  Wildseuche  (Huepp)e)  ;  Bacillus  der  Biiflfel- 
seuche  (Oreste-Armanni) ;  (Bacterium  of  Davaine's  septicaemia  ?) 

It  is  now  generally  admitted  by  bacteriologists  that  Koch's  ba- 
cillus of  rabbit  septicaemia  (1881)  is  identical  with  the  bacillus 
(*' micrococcus '')  of  fowl  cholera  previously  described  by  Pasteur 
(1880).  The  similar  bacilli  found  in  the  blood  of  animals  dead  from 
the  infectious  diseases  known  in  Germany  as  Wildseuche  (Hueppe), 
Rinderseuche  (Kitt),  Schweineseuche  (Schutz),  and  Biiffelseuche 
(Oreste-Armanni)  appear  also  to  be  identical  with  the  bacillus  of 
rabbit  septicaemia  and  fowl  cholera.  This  view  is  sustained  by 
Hueppe  and  by  Baumgarten,  and  by  the  recent  comparative  re- 
searches of  Caneva  (1891)  and  of  Bunzl-Fedem  (1891). 

This  is  evidently  a  widely  distributed  pathogenic  bacillus  ;  it  was 
obtained  by  Koch  from  rabbits  inoculated  with  pu- 
^  ^  /-Nj-  •  ^  ^^  tref ying  flesh  infusion,  by  Qaflfky  from  impure  river 
0*»  ♦(^*f^O;  water,  and  by  Pasteur  from  the  blood  of  fowls  suffer- 
'•jXO^^I-A  ingfrom  the  infectious  disease  known  in  France  as 
-  v^O  ^*  t)  ^  cholera  des  poules.  It  is  not  infrequently  found  in 
#\Wt^*  %  •  #  putrefying  blood,  and  its  presence  in  the  salivary 
Fia  189  Bacillus  secretions  of  man  has  occasionally  been  demonstrated 
septicflpmi©  heemor-   (Baumgarten). 

of  f  1^bbit*'''x^SS!  ^^^^  reference  to  the  American  swine  plague 
(Baumgarten.;  described  by  Salmon  and  Smith,  we  are  informed  by 

Smith,  in  his  most  recent  publication  upon  the  subject 
{Zeitschrift  fiir  Hygiene,  Band  x.,  page  493),  that  cultures  of  the 
German  Schweineseuche  bacillus,  received  from  the  Berlin  Hygienic 
Institute,  compared  with  his  cultures  from  infected  swine  in  this 
country,  agreed  in  all  particulars,  except  that  the  former  were  de- 
cidedly more  pathogenic  for  swine  and  for  rabbits. 

It  appears  extremely  probable  that  the  form  of  septicaemia  studied 
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by  Davaine  (1872),  which  he  induced  in  the  first  instance  by  inject- 
ing^ putrid  ox  blood  into  rabbits,  was  due  to  the  same  pathogenic  ba- 
cillus. The  writer  obtained  this  bacillus  (1887)  in  Cuba  from  the 
blood  of  rabbits  inoculated  with  liver  tissue  taken  from  a  yellow- 
fever  cadaver  and  kept  for  forty-eight  hours  in  an  antiseptic  wrap- 
ping. The  name  which  we  have  adopted  is  that  proposed  by  Hueppe 
for  the  form  of  septicaemia  to  which  it  gives  rise — "Septikamia 
hamorrhagica.  '^ 

Morphology, — Short  bacilli  with  rounded  ends,  from  0.6  to  0.7 
M  in  diameter  and  about  1.4  //  long;  sometimes  imited  in  pairs,  or 
in  chains  of  three  or  four  elements.  In  stained  preparations  the  ex- 
tremities are  usually  stained,  while  the  central  portion  of  the  rod 
remains  unstained.  This  "  end  staining  "  causes  the  rods  to  present 
the  appearance  of  diplococci  when  examined  with  a  comparatively 
low  power,  and  some  of  the  earlier  observers  described  the  microor- 
ganism imder  consideration  as  a  micrococcus.  It  is  quickly  stained 
by  the  aniline  colors  usually  employed,  but  loses  its  color  when 
treated  by  Gram's  method. 

Biological  Characters. — A  non-motile,  aerobic,  non-liquefy- 
ing bacillus.  Does  not  form  spores.  Grows  in  various  culture  media 
at  the  room  temperatiure,  but  more  rapidly  at  35°  to  37°  C. — ^the 
lowest  temperature  at  which  development  occurs  is  about  13°  C. 
Although  this  is  an  aerobic  bacillus  and  a  certain  amount  of  oxygen 
is  necessary  for  its  development,  it  appears  to  grow  better  when  the 
amount  is  somewhat  restricted  than  it  does  on  the  surface  of  nutrient 
media. 

Upon  gelatin  plates,  at  the  end  of  two  or  three  days,  small, 
white  colonies  are  developed  upon  or  near  the  surface ;  these  are 
finely  granular  and  spherical,  with  a  more  or  less  irregular  outUne, 
and  by  transmitted  light  have  a  yellowish  color ;  later  the  central 
portion  of  the  colonies  is  of  a  yellowish-brown  color  and  is  sur- 
rounded by  a  transparent  peripheral  zone.  The  superficial  colonies 
are  commonly  smaller  than  those  which  develop  a  little  below  the 
surface  of  the  gelatin.  In  stick  cultures  in  nutrient  gelatin  the 
growth  upon  the  surface  consists  of  a  thin,  whitish  layer  in  the 
vicinity  of  the  point  of  puncture,  having  an  irregular,  jagged  out- 
line— sometimes  there  is  no  development  upon  the  surface ;  along 
the  line  of  puncture  the  growth  consists  of  rather  transparent,  dis- 
crete or  confluent  colonies.  In  streak  cultures  upon  nutrient  agar, 
or  gelatin,  or  blood  serum  the  growth  is  limited  to  the  immediate 
vicinity  of  the  line  of  inoculation,  and  consists  of  finely  granular, 
semi-transparent  colonies,  which  form  a  thin,  grayish- white  layer 
with  irregular,  somewhat  thickened  margins.  Upon  potato  no  de- 
velopment occurs,  as  a  rule,  at  the  room  temperature,  but  in  the  in- 
33 
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cubating  oyen  a  rather  thin,  transparent,  grayish-white  or  yellowish, 
waxy  layer  is  developed  in  the  course  of  a  few  days.  According  to 
Bunzl-Fedem,  the  bacillus  of  fowl  cholera  and  that 
of  rabbit  septicaemia  grow  upon  potato,  while  the 
bacillus  of  Wildseuche,  Schweineeeuchey  and  Buf - 
f  elseuche  do  not  According  to 
Caneva,  none  of  the  bacilli  of  this 
group  grow  upon  potato.  The 
same  author  states  that  the  growth 
in  milk  is  scanty  and  does  not 
produce  coagulation,  while  Bunzl- 
Fedem  finds  that  the  bacillus  of 
fowl  cholera  and  of  rabbit  septi- 
caemia produce  coagulation  and 
the  others  do  not.  These  diflfer- 
ences  are  not,  however,  consid- 
ered by  the  author  last  named  as 
sufficient  to  establish  the  specific 
difference  of  the  bacilli  from  these 
different  sources.  He  looks  upon 
them  rather  as  varieties  of  the 
same  species.  Bunzl-Fedem  has 
also  ascertained  that  when  cul- 
tivated in  a  peptone  solution  all 
of  the  bacilli  of  this  group,  with 
the  exception  of  that  obtained 
from  the  so-called  Buffelseuche, 
give  the  reaction  for  phenol  and 
for  indol — ^the  bacillus  of  Buffel- 
seuche gives  the  indol  reaction  only.  Development  in  bouillon  is  rapid 
and  causes  a  uniform  turbidity  of  the  fluid.  Cultures  of  this  bacillus 
may  retain  their  vitality  for  three  months  or 
more  when  kept  in  a  moist  condition ;  but 
the  bacillus  usually  fails  to  grow  after  having 
been  kept  for  a  few  days  in  a  desiccated  con- 
dition ;  according  to  Hueppe,  it  may  resist 
desiccation  for  fourteen  days.  The  thermal 
death-point,  as  determined  by  Salmon  for 
the  bacillus  of  fowl  cholera,  is  56°  C. ,  the  time 
of  exposure  being  ten  minutes  (55°  C.  with 
fifteen  minutes'  exposure — Baumgarten).  It 
is  not  readily  destroyed  by  putrefaction  (Kitt). 
A  solution  of  mercuric  chloride  of  1  : 5,000 
-destroys  it  in  one  minute,  and  a  three-per-cent  solution  of  carboUc 


Fio.  lao.  —  BaelUus 
septicsemis  haemor- 
rhagicae;  stick  culture 
io  nutrient  gelatin, 
«nd  of  four  dajv  at  16®- 
18®  a    CBaumgarten  ) 


Fio.  181.— BacUlus 
of  Schweineseucbe ; 
old  stick  culture 
in  nutrient  gela- 
tin.  (SchQU.) 


Fto.  182.— BacillQi  of  swine 
plague;  ooloniee  on  gelatin 
plate,  end  of  aerea  dajs. 
X  CO.    (Smith.) 
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acid  in  six  hours  (Hueppe).  Pasteur  (1880)  has  shown  that  when 
cultures  of  this  bacillus  (microbe  of  fowl  cholera)  in  bouillon  are 
kept  for  some  time  they  gradually  lose  their  pathogenic  virulence, 
and  he  has  ascribed  this  ''  attenuation  of  virulence  '^  to  the  action  of 
atmospheric  oxygen*  He  also  ascertained  that  the  particular  degree 
of  virulence  manifested  by  the  mother  culture  after  a  certain  interval 
could  be  maintained  in  successive  cultures  made  at  short  intervals. 
He  YTBS  thus  able  to  cultivate  different  pathogenic  varieties,  and  to 
use  these  in  making  protective  inoculations,  by  which  susceptible  ani- 
mals were  preserved  from  the  effects  of  virulent  cultures  injected 
subsequently. 

Attenuated  cultures  recover  their  virulence  when  inoculated  into 
very  susceptible  animals.  Thus  a  culture  which  would  produce  a 
non-fatal  and  protective  attack  in  a  chicken  may,  according  to  Pas- 
teur, kill  asm^  bird,  like  a  sparrow;  and  by  successive  inoculations 
from  one  sparrow  to  another  the  original  degree  of  virulence  may  be 
restored,  so  that  a  minute  quantity  of  a  pure  culture  would  be  fatal 
to  a  chicken.  ' 

Pathogenesis. — Pathogenic  for  chickens,  pigeons,  pheasants, 
sparrows,  and  other  sihall  birds,  for  rabbits  and  mice,  also  for  swine 
(Schweineseuche),  for  cattle  (Rinderseuche),  and  for  deer  (Wild- 
seuche).  Subcutaneous  injection  of  a  minute  quantity  of  a  virulent 
culture  usually  kills  chickens  within  forty-eight  hours.  Some  time 
before  death  the  fowl  falls  into  a  somnolent  condition,  and,  witb 
drooping  wing^  and  ruffled  feathers,  remains  standing  in  one  place 
until  it  dies.  Infection  may  also  occur  from  the  ingestion  of  food 
moistened  with  a  culture  of  the  bacillus  or  soiled  with  the  discharges 
from  the  bowels  of  other  infected  fowls.  At  the  autopsy  the  mucous 
membrane  of  the  small  intestine  is  found  to  be  inflamed  and  studded 
with  small  haemorrhagic  foci,  as  are  also  the  serous  membranes ;  the 
spleen  is  notably  enlarged.  The  bacilli  are  found  in  great  numbers 
in  the  blood,  in  the  various  organs,  and  in  the  contents  of  the  in- 
testine. In  rabbits  death  commonly  occurs  in  from  sixteen  to  twenty 
hours,  and  is  often  preceded  by  convulsions.  The  temperature  is 
elevated  at  first,  but  shortly  before  death  it  is  reduced  below  the 
normal.  The  post-mortem  appearances  are  :  swelling  of  the  spleen 
and  lymphatic  glands  ;  ecchymoses  or  diffuse  hsemorrhagic  infiltra- 
tions of  the  mucous  membranes  of  the  digestive  and  respiratory  pas- 
sages, and  in  the  muscles ;  and  at  the  point  of  inoculation  a  dight 
amount  of  inflammatory  oedema.  The  baciUi  are  found  in  consider- 
able numbers  in  the  blood  within  the  vessels,  or  in  that  which  has 
escaped  into  the  tissues  by  the  rupture  of  small  veins.  They  are  not, 
however,  so  niunerous  as  in  some  other  forms  of  septicaemia— e.gr., 
anthrax,  mouse  septicaemia — when  an  examination  is  made  imme- 
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diately  after  death ;  later  the  number  may  be  greatly  increased  as  a 
result  of  post-mortem  midtiplication  within  the  vessels.  The  rabbit 
is  so  extremely  susceptible  to  infection  by  this  bacillus  that  inocula- 
tion in  the  cornea  by  a  slight  superficial  wound  usually  gives  rise  to 
general  infection  and  death.  This  animal  may  also  be  infected  by 
the  ingestion  of  food  contaminated  with  a  culture  of  the  bacillus.  It 
is  by  this  means  that  Pasteur  proposed  to  destroy  the  rabbits  in  Aus- 
tralia, which  have  multiplied  in  that  country  to  such  an  extent  as  to 
constitute  a  veritable  pest.  Both  in  fowls  and  in  rabbits  the  disease 
may  under  certain  circumstances  run  a  more  protracted  course — e.g., 
when  they  are  inoculated  with  a  small  quantity  of  an  attenuated  cul- 
ture.   In  less  susceptible  animals — g^uinea-pigs,  sheep,  dogs,  horses 
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FiQ.  188.— BadUuB  of  SchweiiMseuche,  in  blood  of  rabbit.    (Sch&ti.) 

— a  local  abscess,  without  general  infection,  may  result  from  the  sub- 
cutaneous injection  of  the  bacillus ;  but  these  animals  are  not  entirely 
immune.  In  the  infectious  maladies  of  swine,  cattle,  deer,  and  other 
large  animals  to  which  reference  has  been  made,  and  which  are  be- 
lieved to  be  due  to  the  same  bacillus,  the  symptoms  and  patholc^cal 
appearances  do  not  entirely  correspond  with  those  in  the  rabbit  or 
the  fowl;  but  the  bacillus  as  obtained  from  the  blood  of  such  animals 
corresponds  in  its  morphological  and  biological  characters  with  Pas- 
teur's microbe  of  fowl  cholera  and  Koch's  bacillus  of  rabbit  septi- 
caemia, and  pure  cultures  from  the  various  sources  mentioned  are 
equally  fatal  to  rabbits  and  to  fowls.  In  the  larger  animals  pul- 
monary and  intestinal  lesions  are  developed,  and  in  swine  a  diffused 
red  color  of  the  skin,  similar  to  that  observed  in  the  disease  known 
in  Germany  as  Schweinerothlauf  (Fr.  rouget),  is  sometimes  seen. 
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According  to  Baumgarten,  bacilli  from  Wildseuche  or  from  Rinder- 
seuche  inoculated  into  swine  give  rise  to  fatal  Schweineseuche,  and 
bacilli  from  any  of  these  forms  of  disease,  when  inoculated  into 
pigeons,  produce  characteristic  fowl  cholera ;  but  the  bacillus  as  ob- 
tained from  Schweineseuche  or  Wildseuche  is  not  fatal  to  chickens, 
and  the  bacillus  from  Schweineseuche  is  fatal  to  guinea-pigs,  which 
have  but  sUght  susceptibility  to  the  bacillus  of  rabbit  septicaBmia. 
Notwithstanding  these  differences  he  agrees  with  Hueppe  in  the  view 
that  the  bacilli  from  the  various  sources  mentioned  are  specifically 
identical;  although  evidently,  if  this  view  is  adopted,  we  must 
admit  that  varieties  exist  which  differ  somewhat  in  their  pathogenic 
power. 

The  researches  of  Smith  and  of  Moore  show  that  "  an  attenuated 
variety  of  bacteria,  belonging  to  the  group  of  swine-plague  bacteria 
and  not  distinguishable  from  them,  inhabit  the  mouth  and  upper  air 
passages  of  such  domesticated  animals  as  cattle,  dogs,  and  cats  ^' 
(Smith). 

62.   BACILLUS  OP  CHOLERA  IN  DUCKS. 

Obtained  by  Coruil  and  Toupet  (1888)  from  the  blood  of  ducks,  in  the 
Jardin  d' Acclimation  at  Paris,  which  had  died  of  an  epidemic  disease  charac- 
terized by  diarrhoea,  feebleness*  and  muscular  tremors,  and  which  resulted 
fatally  in  two  or  three  days. 

Morphology, — Does  not  differ  in  its  morpholo^jy  from  the  bacillus  of 
fowl  cholera  (Bacillus  septicsemise  haemorrha&'icae) ;  short  rods  with  rounded 
ends,  from  1  to  1.5  /i  in  lengfth  and  0.5  /i  broad. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method;  the  ends 
stain  more  deeply  than  the  central  portion. 

Biological  (Jharactera. — An  aetibic,  non-liquefying,  non-motileh&cillus. 
Does  not  form  spores.  Grows  in  the  usual  culture  media  at  the  room  tem- 
perature. In  its  growth  in  various  media,  as  well  as  in  its  morphology,  Cornil 
and  Toupet  found  this  bacillus  to  correspond  with  the  bacillus  of  fowl 
cholera.  In  gelatin  stick  culturesthe  growth  upon  the  surface  consists  of  a 
thin,  gravish  layer,  and  along  the  line  of  puncture  as  small,  semi-transpa- 
rent, Signtly  yellowish,  spherical  colonies.  Upon  agar,  in  the  incubating 
oyen,  at  the  end  of  twelve  hours  small,  lentilshap^,  waxy  colonies  are 
formed,  which  later  may  have  a  diameter  of  three  to  four  millimetres. 
Upon  potato  circular,  yellowish  colonies  are  formed,  which  become  con- 
fluent and  form  a  somewhat  depressed,  pale-yellow  layer. 

Patliogenesis,— According  to  Cornil  and  Toupet,  this  bacillus  is  patho- 
genic for  ducks,  but  not  for  chickens  or  pigeons,  and  only  kills  rabbits  when 
injected  in  considerable  quantity.  Ducks  die  in  from  one  to  three  dajrs 
from  subcutaneous  injections,  or  by  the  ingestion  of  food  to  which  the  bacil- 
lus has  been  added. 

63.  BACILLUS  OP  HOG  CHOLERA  (Salmon  and  Smith). 

Synonyms, — Bacillus  of  swine  plague  (Billings) ;  Bacillus  of  swine- 
pest  (Selaiider). 

According  to  Smith,  this  bacillus  was  first  described  by  Klein 
(1884)  ;  it  was  first  obtained  in  pure  cultures  and  its  principal  char- 
acters determined  by  Salmon  and  Smith  (1885),  and  has  since  been 
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studied  in  cultures  and  by  experimental  inoculations  by  Selander^ 
Billings,  Frosch,  Welch,  Caneva,  Bunzl-Fedem,  and  others. 

The  bfiwillus  is  found  in  the  blood  and  various  organs  of  hogs 
which  have  succumbed  to  the  infectious  disease  known  in  this  country 
as  hog  cholera ;  and  also  in  the  contents  of  the  intestine,  from  which 
it  may  be  obtained  by  inoculations  into  rabbits,  but  is  not  easily  iso- 
lated by  the  plate  method  owing  to  the  large  niunber  of  other  bac- 
teria present  (Smith). 

Morphology. — Short  bacilli  with  rounded  ends,  1.2  to  1.5  //in 
length  and  0.6  to  0.7  /i  in  breadth  ;  usually  united  in  pairs. 

This  bacillus  is  easily  stained  by  the  aniline  colors  usually  em- 
ployed, but  does  not  retain  its  color  when  treated  by  Grams  method. 
When  the  staining  agent  is  allowed  to  act  for  a  very  short  time  the 


Fio.  131.— Bacillus  of  hofc  cholera;  stained  by  LdfOer^s  method  to  show  flagella.  x  1»000.  From 
a  photomicrograph  made  at  the  Army  Medical  Museum.    (Gray.) 

ends  of  the  rods  may  be  stained  while  the  central  portion  remains 
unstained. 

Biological  Characters. — An  aerobic  (facultative  anaerobic),  non- 
liquefying,  actively  motile  bacillus.  In  many  of  its  characters  this 
bacillus  closely  resembles  the  one  last  described  (Bacillus  septicaemifiB 
haBmorrhagicsB),  but  it  is  distinguished  from  it  by  its  active  move- 
ments, which,  according  to  Smith,  may  be  still  observed  in  cultures 
which  have  been  kept  for  weeks  or  months.  Does  not  form  spores. 
Grows  readily  in  various  culture  media  at  the  room  temperature- 
more  rapidly  in  the  incubating  oven.  Upon  gelatin  plates  colonies 
are  developed  in  from  twenty-four  to  forty-eight  hours.  The  deep  colo- 
nies are  spherical  and  homogeneous,  and  have  a  brownish  color  by 
transmitted  light;  they  seldom  exceed  one-half  millimetre  in  diameter. 
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The  superlScial  colonies  may  attain  a  diameter  of  two  millimetres ; 
they  present  no  distincti\  e  characters.  Upon  agar  plates  the  colonies 
may  have  a  diameter  of  four  millimetres ;  they  have  a  grayish,  trans- 
parent appearance  and  a  shining  surface.  In  gelatin  stick  cultures 
small^  yellowish-white  colonies  are  developed  along  the  line  of  in- 
oculation, which  may  become  confluent ;  upon  the  surface  a  thin, 
pearly  layer  is  developed  about  the  point  of  inoculation,  which  may 
have  a  diameter  of  six  millimetres  or  more.  Upon  potato  a  straw- 
vellow  layer  is  developed,  which  later  acquires  a  darker  color.  In 
slightly  alkaline  bouillon  a  slight  cloudiness  may  be  observed  at  the 
end  of  twenty-four  hours,  and  at  the  end  of  one  or  two  weeks,  if 
not  disturbed,  a  deposit  is  seen  at  the  bottom  of  the  tube  and  a  thin, 
broken  film  may  form  upon  the  surface.  The  development  of  this 
bacillus  in  milk  produces  a  direct  solution  of  the  casein  without  pre- 
vious coagulation  ;  when  a  solution  of  litmus  has  been  added  to  milk 
it  retaiM  its  blue  color  in  presence  of  this  bacillus,  while  the  bacillus 
previously  described  causes  it  to  change  to  red.  Neither  phenol 
nor  indol  is  produced  in  solutions  containing  peptone  (Bunzl-Fedem) 
—another  distinguishing  character  from  the  Bacillus  septicaamidB 
hsemorrhagicsB.  This  bacillus  may  be  cultivated  in  slightly  acid 
media,  which  after  a  time  acquire  an  alkaline  reaction. 

In  Smith's  experiments  this  bacillus  was  found  to  resist  desicca- 
tion from  nine  days  to  several  months,  according  to  the  thickness  of 
the  layer  dried  upon  the  cover  glass ;  bacilli  from  an  agar  culture  in 
some  experiments  failed  to  grow  after  seventeen  days,  and  in  others 
still  gave  cultures  after  four  months.  Bouillon  cultures  are  steril- 
ized in  four  minutes  by  a  temperature  of  70°  C,  in  fifteen  minutes 
by  58°  C,  and  in  one  hour  by  54°  C.  (Smith).  Novy  has  isolated 
from  cultures  of  the  hog-cholera  bacillus  a  toxic  basic  substance 
which  he  calls  susotoxin.  This  was  obtained  by  Brieger's  method  ; 
it  is  a  yellowish-brown,  syrup-like  liquid,  which,  when  injected  into 
rats  in  doses  of  0.125  to  0.25  cubic  centimetre,  causes  their  death  in 
less  than  thirty-six  hours.  He  also  obtained  by  precipitation  with 
absolute  alcohol,  from  cultures  concentrated  in  a  vacuum  at  36°  C, 
a  toxalbumin  which  when  dried  was  in  the  form  of  a  white  powder 
easily  soluble  in  water.  Rats  died  in  three  or  four  hours  after  re- 
ceiving subcutaneously  a  dose  of  0.1  to  0.5  gramme. 

Pathogenesis, — Pathogenic  for  swine,  rabbits,  guinea-pigs,  mice, 
and  pigeons. 

In  certain  parts  of  the  United  States  the  disease  known  as  ''  hog 
cholera"  frequently  prevails  among  swine  as  a  fatal  epidemic.  It 
may  occur  as  an  acute  and  quickly  fatal  septicaemia,  or  in  a  more 
chronic  form  lasting  from  two  to  four  weeks  or  even  longer.  In 
the  acute  form  death  may  occur  within  twenty-four  hours,  and  hsem- 
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orrhagic  extravasations  are  found  upon  the  mucous  and  aerous 
membranes  and  in  the  parenchyma  of  the  lungs,  kidneys,  and  lym- 
phatic  glands.  The  spleen  is  greatly  enlarged,  soft,  and  dark  in 
color.  In  the  chronic  form  of  the  disease  the  most  notable  changes 
are  found  in  the  alimentary  canal.  These  are  most  constant  and 
characteristic  in  the  caecum  and  colon,  which  may  be  studded  with 
spherical,  hard,  necrotic  masses  or  extensive  diphtheritic  patches. 
According  to  Smith,  the  haemorrhagic  and  necrotic  form  of  the  dis- 
ease may  exist  at  the  same  time  in  different  animals  of  the  same 
herd.  The  bacilli  are  found  in  all  of  the  organs,  and  especially  in 
the  spleen,  where  they  are  associated  in  irregular  colonies  similar 
to  those  of  the  typhoid  bacillus.  Smith  has  demonstrated  their  pre- 
sence in  urine  taken  from  the  bladder  immediately  after  the  death 
of  the  animal,  and  states  that  the  kidneys  are  almost  always  in- 
volved, as  shown  by  the  presence  of  albumin  and  tube  casts  in  the 
urine. 

An  extremely  minute  quantity  of  a  bouillon  culture  injected  be- 
neath the  skin  of  a  rabbit  causes  its  death  in  from  seven  to  twelve 
days ;  a  larger  quantity  may  produce  a  fatal  result  in  five  days ;  in- 
travenous injections  of  very  small  amounts  may  be  fatal  within 
forty-eight  hours.  After  a  subcutaneous  injection  the  animal  re- 
mains in  apparent  good  health  for  three  or  four  days,  after  which  it 
loses  its  appetite  and  is  indisposed  to  move  ;  several  days  before 
death  the  temperature  is  suddenly  elevated  from  2°  to  3°  C.,  and  it 
remains  high  until  the  fatal  termination.  At  the  autopsy  the  spleen 
is  found  to  be  enlarged  and  of  a  dark-red  color ;  the  Uver  is  studded 
with  small,  yellowish- white,  necrotic  foci;  the  kidneys  have  under- 
gone parenchymatous  changes ;  the  heart  is  fatty ;  and  the  intestinal 
mucous  membrane  is  more  or  less  marked  with  haemorrhagic  extra- 
vasations. The  bacilli  are  found  in  all  of  the  org^ans.  In  house 
mice  the  results  of  experimental  inoculations  are  similar  to  those  in 
rabbits.  Guinea-pigs  succumb  when  inoculated  subcutaneously  with 
one-tenth  cubic  centimetre;  pigeons  require  a  still  larger  dose- 
about  three-quarters  of  a  cubic  centimetre.  Swine  are  killed  by  the 
intravenous  injection  of  one  to  two  cubic  centimetres  of  a  recent 
bouillon  culture,  but,  as  a  rule,  do  not  succumb  to  subcutaneous 
injections.  Cultures  recently  obtained  from  diseased  animals  are 
more  virulent  than  those  which  have  been  propagated  for  a  consider- 
able time  in  artificial  media. 

Smith  has  described  a  variety  of  the  hog-cholera  bacillus  obtained  during' 
an  epidemic  in  which  the  disease  was  of  longer  duration — about  four  weeks 
— than  is  usual,  and  in  which  there  was  conmionly  found  at  the  autopev  a 
diphtheritic  inflammation  of  the  mucous  membrane  of  the  stomach.  l!his 
bacillus  differed  from  the  typical  form  by  being  somewhat  lareer  and  in 
forming  considerably  larger  colonies  in  gelatin  plates — two  or  tnree  times 
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as  large.  It  also  produced  a  greater  opacity  m  peptonized  bouillon,  and  in 
general  showed  a  more  vigorous  growth  in  various  nutrient  media.  It  dif- 
fered also  in  its  pathogenic  power,  as  tested  upon  rabbits,  causing  death  at  a 
later  date  or  not  at  all ;  and  in  fatal  cases  the  swelling  of  the  spleen  and 
necrotic  foci  in  the  liver,  produced  by  the  first-described  species,  were  absent. 

b4.  BACILLUS  OF  BELFANTI  AND  PASCAROLA. 

Synonym.  — Impf  tetanusbacillus. 

Obtained  by  Belfanti  and  Pascarola  (1888)  from  the  pus  of  wounds  in  an 
individual  who  succumbed  to  tetanus.  > 

Morphology. — Bacilli  with  rounded  ends,  sometimes  so  short  as  to  resemble 
micrococci;  resemble  the  Bacillus  septicaemias  haemorrhagicas  (fowl  cholera). 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method.  The 
ends  are  commonly  more  deeply  stained  than  the  central  portion. 

Biological  Characters. — An  aerobic  and  fdcvltative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Spore  formation  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  yel- 
lowish-gray, finely  granular,  spherical  colonies  with  smooth  outlines  are 
develo]^.  In  gelatin  stick  cmtures,  at  18"*  to  25"  C,  at  the  end  of  twenty- 
four  hours  small,  spherical  colonies  are  developed  along  the  line  of  punc- 
ture, which  are  isolated  or  closely  crowded  -  upon  the  surface  a  rather  thin, 
shining,  grayish- white,  iridescent,  circular  layer  is  formed;  gas  is  given  off 
which  has  not  a  disagreeable  odor.  Upon  the  surface  of  agar  elevated, 
?^hining,  ^ra^  colonies  develop  along  the  impfstrich,  or  a  gray,  shining  band 
is  formed  which  increases  in  thickness  but  not  in  breadth— usually  less  than 
one-half  centimetre  broad.  Old  cultures  give  off  an  acid  odor.  Upon  blood 
«»ru7»  a  thin,  white  layer  is  developed  along  the  line  of  inoculation.  Upon 
potato  a  thin,  white,  varnish-like  layer  is  formed. 

Pathogenesis. — Very  pathogenic  for  rabbits,  guinea-pigs,  white  mice,  and 
sparrows.     Not  pathogenic  for  chickens,  pigeons,  or  geese. 

Go.    BACILLUS   OF   SWiNE   PLAQUE,    MARSEILLES. 

Synonyms. — Bacillus  der  Schweineseuche,  Marseilles  (Rietsch 
and  Jobert)  ;  Bacillus  der  Frettchenseuche — ferret  disease  (Eberth 
and  Schimmelbusch)  ;  Bacillus  der  Amerikanischen  Binderseuche 
(Caneva) ;  Bacillus  of  spontaneous  rabbit  septicsBinia  (Eberth). 

The  recent  researches  of  Caneva  and  of  Bunzl-Fedem  agree  as 
to  the  idwitity  of  the  bacillus  obtained  by  Rietsch  and  Jobert  (1887) 
from  swine  attacked  with  a  fatal  epidemic  disease  in  Marseilles,  and 
the  bacillus  found  by  Eberth  and  Schinunelbusch  (1889)  in  the  blood 
of  ferrets  suffering  from  a  fatal  form  of  septicaemia  studied  by  them. 
The  first-named  bacteriologist  also  identifies  a  bacillus  supposed 
by  Billings  to  be  the  cause  of  "Texas  fever"  in  cattle  ("  Ameri- 
kanische  Rinderseuche")  and  the  bacillus  of  swine  plague  (Billings) 
with  the  above.  Bunzl-Fedem  obtained  cultures  of  Billings^  swine- 
plague  bacillus  at  two  different  times.  He  identifies  the  one  first  re- 
ceived with  the  bacillus  now  under  consideration,  and  the  other  with 
the  baciUus  of  hog  cholera  (Salmon).* 

'  The  author  named  says :  "  With  reference  to  the  bacillus  of  swine  plague 
(BilliQgs),  I  obtained,  as  did  Caneva,  a  decided  production  of  acid  in  the  cultures 
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Morphology, — ^Bacilli  with  rounded  ends,  about  twice  as  long  as 
broad,  and  one-third  smaller  than  the  bacillus  of  typhoid  fever 
(Eberth  and  Schimmelbusch).  The  bacillus  of  hog  cholera  is  shorter 
and  more  slender  than  the  Marseilles  baciUus,  and  the  bacillus  of 
Loffler  and  Schutz  (No.  61)  is  stiU  smaller  (Rietsch  and  Jobert). 

In  stained  preparations  the  extremities  of  the  rods  are  usually 
deeply  stained,  while  the  central  portion  remains  unstained — "  polar 
staining.*'  By  Loffler's  method  of  staining  the  presence  of  flagella 
may  be  demonstrated  (Frosch). 

Stains  readily  with  the  aniline  dyes  usually  employed,  but  does 
not  retain  its  color  when  treated  by  Gram's  method. 

Biological  Characters. — An  aerobic  (facultative  anaerobic), 
non-liquefying^  actively  motile  bacillus.  Grows  readily  at  the 
room  temperature,  and  is  distinguished  from  the  baciUus  of  septi- 
caemia hsBmorrhagica  by  its  active  movements  and  more  rapid  and 
abundant  development  in  the  various  culture  media  usually  em- 
ployed. It  is  distinguished  from  the  bacillus  of  hog  cholera  (No.  63) 
by  producing  phenol  and  indol  in  solutions  containing  peptone,  by 
causing  coagulation  of  milk,  and  by  producing  an  acid  reaction  in 
this  fluid.     Grows  in  culture  media  having  an  acid  reaction. 

Rietsch  and  Jobert  give  the  following  account  of  the  characters 
of  growth  in  various  culture  media,  as  compared  with  the  bacillus  of 
hog  cholera  and  the  bacillus  of  Schweineseuche  (Loffler,  Schutz), 
No.  61 : 

Gelatin  streak  cultures.  At  the  end  of  twenty-four  hours  this 
bacillus  had  developed  considerably,  while  the  growth  of  the  hog- 
cholera  bacillus  was  scarcely  to  be  discerned  with  the  naked  eye,  and 
the  bacillus  of  Schweineseuche  did  not  form  a  visible  growth  imtil 
the  end  of  forty-eight  hours.  After  several  days  the  bacillus  of 
swine  plague  (Marseilles)  formed  an  opacjue,  yellowish-white  streak, 
which,  when  examined  with  a  low-power  lens,  had  a  brown  color  by 
transmitted  hght  and  a  bluish- white  color  by  reflected  light.  The 
streak  of  the  Loffler-Schiitz  bacillus  was  not  so  thick  and  not  so 
opaque,  and  was  made  up  of  small,  nearly  transparent  colonies  ;  the 
hog-cholera  bacillus  came  between  the  other  two.  Upon  blood 
serum,  agar,  and  glycerin-agar  the  Marseilles  baciUus  grew  more 
rapidly  than  the  other  two,  forming  a  layer  which  was  opaque  and 
of  a  white  color,  with  bluish  and  reddish  reflections.  XJponpoto/o 
it  formed  a  thick,  opaque,  yellowish  layer,  while  the  growth  of  the 
hog-cholera  bacillus  was  much  thinner  and  that  of  the  Loffler-Schutz 
bacillus  scarcely  to  be  seen.     In  bouillon  the  Loffler-Schutz  bacillus, 

first  sent  by  Billings  ;  but  upon  testing  later  cultures  received  directly  from  Bil- 
lings aud  from  other  sources,  the  result  was  exactly  the  opposite— viz.,  a  decided 
production  of  alkali  in  milk  and  identity  with  the  hog-cholera  bacillus  of  tialmon." 
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at  the  end  of  three  days  at  37°  C,  had  not  produced  any  perceptible 
cloudiness,  while  the  Marseilles  bacillus  at  the  end  of  twenty-four 
hours  had  caused  the  fluid  to  be  clouded,  a  film  of  bacteria  had 
formed  upon  the  surface  and  a  deposit  at  the  bottom  of  the  tube  ;  the 
hog-cholera  bacillus  produced  a  less  degree  of  opacity  in  the  bouillon. 

Pathogenesis. — This  bacillus  is  pathogenic  for  sparrows  and 
other  small  birds  when  injected  beneath  the  skin  in  small  amounts, 
and  also  for  pigeons  in  a  longer  time — ^five  to  fourteen  days.  Frosch 
reports  a  negative  result  from  subcutaneous  injections  into  rabbits, 
guinea-pigs,  mice,  and  pigeons,  but  his  cultures  appear  to  have  be- 
come attenuated,  as  the  recent  cultures  of  Eberth  and  Schimmelbusch 
were  fatal  to  pigeons  in  four  out  of  five  experiments.  Two  rabbits 
were  inoculated  subcutaneously  by  Rietsch  and  Jobert  with  half  a 
Pravaz  syringeful  of  a  pure  culture  of  the  Marseilles  bacillus ;  one  of 
these  died  on  the  sixth  day  and  the  other  survived. 

In  sparrows,  which  succumb  in  from  twenty-four  to  thirty-six 
hours  after  receiving  a  small  amount  of  a  pure  culture  in  the  breast 
muscle,  the  bacillus  is  present  in  the  blood  in  large  numbers,  and  a 
purulent  pleuritis  and  pericarditis  is  found  at  the  autopsy.  In  the 
ferrets  from  which  Eberth  and  Schimmelbusch  obtained  their  cultures 
the  bacillus  was  not  present  in  the  blood  in  sufficient  numbers  to  be 
readily  demonstrated  by  microscopical  examination,  but  it  was  ob- 
tained in  pxjre  cultures  from  the  Uver,  spleen,  and  lungs.  The  prin- 
cipal pathological  appearances  noted  were  enlargement  of  the  spleen 
and  pneumonia.  Caneva  reports  that  the  Marseilles  bacillus  injected 
into  white  mice  gives  rise  to  an  extensive  abscess  at  the  point  of  in- 
oculation, but  does  not  kill  adult  animals.  In  a  young  mouse  which 
succumbed  to  such  an  injection  the  bacilli  were  not  generally  dis- 
tributed in  the  tissues,  but  were  found  as  emboli  in  the  smaller  capil- 
laries. This  bacillus,  then,  is  distinguished  from  the  similar  bacilli 
previously  described  (Xos.  Gl  and  63)  by  its  comparatively  slight 
pathogenic  power,  as  well  as  by  its  more  vigorous  growth  in  culture 
media,  and  the  other  characters  heretofore  mentioned. 

66.    BACILLUS  SEPTICUS  AGRIGENUS. 

Obtained  by  Nicolaier  from  soil  which  had  been  manured. 

Morphology.— BjesemhleQ  the  bacillus  of  fowl  cholera  and  of  rabbit  sep- 
ticemia, of  which  it  is  perhaps  a  variety,  but  is  usually  somewhat  lonj^r. 
It  also  sometimes  shows  the  end-staining  characteristic  of  Bacillus  septicse- 
miae  haemorrhagicse,  but  not  so  constantly  and  not  so  sharply  defined. 

Biological  Characters.— A.n  aerobic,  (non-liquefying  ?),  non-motile  ba- 
cillus.    Does  not  form  spores. 

In  gekUin  plate  cultures  spherical,  finely  granular  colonies  are  developed 
having  a  yellowish-brown  central  portion,  which  is  separated  by  a  dark 
ring  from  a  grayish-brown  marginal  zone;  later  this  difference  in  color  dis- 
appears and  tne  colonies  become  more  decidedly  granular.  In  stick  cultui^es 
the  growth  consists  of  a  thin  layer  which  is  not  at  all  characteristic. 
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Pathogenesis, — Small  quantities  of  a  pure  culture  injected  into  the  ear 
vein  of  a  rabbit  cause  its  death  in  from  twenty-four  to  thirty- six  hours; 
pathogenic  also  for  house  mice  and  for  field  mice.  At  the  autopsy  no  notable 
pathological  changes  are  observed.  The  bacilli  are  found  in  blood  from  the 
neart  and  in  the  capillaries  of  the  various  organs,  but  are  not  so  numerous 
as  in  rabbit  septicaemia;  they  show  a  special  inclination  to  adhere  to  the 
margins  of  the  red  blood  corpuscles. 

67.    BACILLUS  ERYSIPELATOS   SUIS. 

Synonyms. — Bacillus  of  hog  erysipelas;  Bacillus  des  Schweine- 
rothlauf  (Loffler,  Schiitz) ;  Bacille  du  rouget  du  pore  (Pasteur)  ;  Ba- 
cillus of  mouse  septicsBmia;  Bacillus  murisepticus  (Fliigge) ;  Bacil- 
lus des  Mauseseptikamie  (Koch). 

The  bacillus  of  mouse  septicsBmia,  first  described  by  Koch  (1878), 
resembles  so  closely  in  its  morphology,  characters  of  growth,  and 
pathogenic  power  the  bacillus  of   Schweinerothlauf  of  Loffler  and 
Schiitz  (1885)  that  they  can  scarcel}'  be  considered  as  distinct  spe- 
cies, although,  from  slight  differences  which  have  been  observed,  they 
are  perhaps  entitled  to  separate  consideration  as  varieties  of   the 
same  species.    Fliigge,  Eisenberg,  Frankel,  and  other  authors,  while 
recognizing  the  fact  that  the  bacilli  from  the  two 
^..^^         sources  closely  resemble  each  other,  apparently  do 
^XW)         J^ot  consider  them  identical  and  describe  tiiem 
^  separately.      Baumgarten,  on  the  other  hand,  de- 

®  scribes  them  under  one  heading  and  considers  it 

/-^  highly  probable  that  they  are  identical,  although 
he  also  admits  slight  differences  in  the  morpho- 
logical characters  and  growth  in  culture  media. 
These  differences  are,  however,  no  greater  than 

Fio.  136.— BacUlua  of  .  .  ./»    .    i,  ■•  •.  .      . 

mouse  Bopticeemia  in  we  have  lu  artificially  produced  varieties  of  other 
leucocytes  from  blood  weU-kuowu  microorgauisms,  and  we  think  it  best 
o  mouse,  x  .  '^  to  follow  Baumgarten  in  describing  them  under  a 
single  heading. 

Koch  first  obtained  this  bacillus  by  injecting  putrefying  blood  or 
fiesh  infusion,  during  the  first  days  of  putrefactive  change,  beneath 
the  skin  of  mice.  A  certain  proportion  of  the  animals  experimented 
upon  contracted  a  fatal  form  of  septicaemia,  and  the  bacillus  under 
consideration  was  found  in  their  blood.  The  bacillus  of  Schweine- 
rothlauf was  obtained  by  Loffler  and  by  Schutz  from  the  blood  and 
various  organs  of  swine  which  had  succumbed  to  the  infectious 
malady  known  in  Germany  as  rothlauf  and  in  France  as  rouget. 

Morphology. — Extremely  minute  bacilli,  about  1  /i  in  length  and 
0.2  /i  in  diameter.  The  Schweinerothlauf  bacilli  are  described  a.^ 
somewhat  thicker  and  longer  by  Fliigge,  by  Frankel,  and  by  Eisen- 
berg, but  Baumgarten  states  that  they  are  somewhat  more  slender  and 
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on  the  average  shorter  than  the  bacillus  of  mouse  septicsBmia.     The 

bacilli  are  solitary,  or  in  pairs  the  elements  of  which  are  often  united 

at  an  angle  ;  occasionally  a  chain 

of  three  or  four  elements  may  be 

observed,  and  in  old  cultures  the 

bacilli  may  grow  out  into  short 

threads  which  are  straight  or  more 

or  less  curved  and  twisted.     Small 

refractive  bodies  may  sometimes 

be  distinguished  in  the  rods,  and 

these  have  been  supposed  by  some 

authors  to  be  spores,  but  this  has 

not  been  demonstrated. 

This  baciUus  stains  readily 
with  the  ordinary  aniline  staining 
agents  and  also  by  Gram's  method. 

Biological      Characters, — A      ^o.  i86.-BacmuB  of  rouget,  from  a  pure 

.        1 .     ,  •  ••      T  •  1 '  culture.    X  1,000.    From  a  photomicrograph. 

facultative  anaerobic,  non-lique-    (Eoux.) 
fying     bacillus.      According    to 

Schottelius,  the  rothlauf  bacilli  are  sometimes  mo- 
tile, but  Fliigge  states  that  other  observers  have 
not  seen  them  in  active  motion.  Frankel  says 
they  have  the  power  of  voluntary  motion.  Eisen- 
berg  says  that  the  bacillus  of  mouse  septioflemia  is 
motionless,  and  Frankel  says  "  they  seem  to  be  in- 
capable of  voluntary  motion.'*  Baumgarten  re- 
marks :  "  Whether  the  bacilli  exhibit  voluntary 
movements  has  not  been  determined.'*  Although 
this  baciUus  is  not  strictly  anaerobic,  it  grows 
better  in  the  absence  of  oxygen  than  in  its  pre- 
sence. Development  occurs  in  various  culture  me- 
dia at  the  room  temperature,  but  is  more  rapid  in 
the  culture  oven.  In  gelatin  stick  cultures  no 
development  occurs  upon  the  surface,  but  the 
growth  along  the  line  of  puncture  is  very  charac- 
teristic; this  consists  of  a  delicate,  cloud-like,  ra- 
diating growth,  which  extends,  in  the  course  of  a 
few  days,  almost  to  the  walls  of  the  test  tube. 
The  rothlauf  bacillus  does  not  extend  so  rapidly 
through  the  gelatin,  and  the  branching,  cloud-lik*^ 
growth  is  not  as  delicate;  Fliigge  compares  it  to 
the  brush  of  bristles  used  for  cleansing  test  tubes. 
In  old  cultures  in  nutrient  gelatin  a  slight  soften- 
ing of  the  gelatin  occurs  along  the  line  of  growth,  and  as  a  result  of 


- 


Fio.  m.— Bacfflusof 
Bumse  BepticoBmia; 
culture  in  nutrient  gela- 
tin, end  of  four  days  at 
18°  C.    (Baumgarten.) 
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evaporation  and  desiccation  a  fiinnel-shaped  cavity  is  formed  in  the 
culture  medium  in  the  course  of  two  or  three  weeks.  In  gelatin 
plates  colonies  are  developed  in  the  course  of  two  or  three  days  in  the 
deeper  layers  of  the  gelatin^  but  not  upon  the  surface ;  these  are  ne- 
bulouSy  grayish-blue,  radiating  masses,  which  are  so  delicate  as  to  be 
scarcely  visible  without  the  aid  of  a  lens  or  a  dark  background. 
Under  alow  power  they  appear  as  branching,  feathery  masses,  which 
have  been  compared  by  Flugge  to  the  radiating  growth  of  "  bont» 

corpuscles/'     In  older  cultures  they   coalesce   and 

cause  a  nebulous  opacity  of  the  whole  plate,  which  has 

a  bluish-gray  lustre. 

Upon  the  surface  of  nutrient  agar  or  blood  serum 
'^^^0,W^      a  very  scanty  development  occurs  along  the  line  of 

inoculation.  No  growth  occurs  upon  potato.  In 
of^m^Tw^L  bouillon  the  bacilli  cause  a  slight  cloudiness  at  the 
mia;  single  colony    outset,  and  later  a  scanty,  grayish-white  deposit  upon 

X  ^^f^^T'  t^®  ^**o^  <>f  *^Q  *®®*  *^^  y  ^^  fil^  is  formed  upon 
the  surface. 

The  thermal  death-point  of  this  bacillus,  as  determined  by  tht» 
writer  (1887),  is  58°  C,  the  time  of  exposure  being  ten  minutes.  In 
the  experiments  of  Bolton  it  was  destroyed  in  two  hours  by  mercuric 
chloride  solution  in  the  proportion  of  1  :  10,000  ;  by  carbolic  acid  and 
by  sulphate  of  copper  in  one-per-cent  solution.  These  results  are 
opposed  to  the  view  that  the  minute  refractive  granules  which  may 
sometimes  be  seen  in  the  interior  of  the  rods  are  reproductive  spores, 
for  all  known  spores  have  a  much  greater  resisting  power  to  heat 
and  the  chemical  agents  named. 

Pathogenesis, — Pathogenic  for  swine,  rabbits,  white  mice,  house 
mice,  pigeons,  and  sparrows.  Field  mice,  guinea-pigs,  and  chickens 
are  immune. 

Swine  may  be  infected  by  the  ingestion  of  food  containing  the 
rothlauf  bacillus,  as  has  been  demonstrated  by  allowing  them  to  eat 
the  intestine  of  an  animal  which  had  recently  succumbed  to  the  dis- 
ease, and  also  by  the  subcutaneous  injection  of  pure  cultures.  The 
disease  usually  terminates  fatally  within  three  or  four  days,  and 
sometimes  in  less  than  twenty-four  hours*  It  is  characterized  by 
fever,  debility,  loss  of  appetite,  and  by  the  appearance  upon  the  sur- 
face of  the  body  of  red  patches,  which  gradually  extend  and  become 
confluent,  producing  after  a  time  a  uniform  dark-red  or  brown  color 
of  the  entire  surface.  The  discharges  from  the  bowels  frequently 
contain  bloody  mucus.  At  the  autopsy,  in  acute  cases,  the  spleen  is 
notably  enlarged,  and  the  liver  and  kidneys  are  likely  to  be  more  or 
less  swollen,  as  are  also  the  lymphatic  glands,  especially  those  of 
the  mesentery;  the  gastric  and  intestinal  mucous  membranes  are 
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usually  inflamed  and  spotted  with  hsBmorrhagic  extravasations  ;  the 
serous  membranes  also  may  be  inflamed,  and  the  cavities  of  the 
pleursB,  pericardium,  and  peritoneum  usually  contain  more  or  less 
fluid.  The  bacilli  are  found  in  the  blood  vessels  throughout  the 
body,  and  are  especially  numerous  in  the  interior  of  the  leucocytes. 
Comevin  and  Kitt  have  shown  that  the  contents  of  the  intestine 
also  contain  the  bacilli  in  large  numbers,  and  the  disease  appears  to 
be  propagated  among  swine  principally  by  the  contamination  of  their 
food  with  the  alvine  discharges  of  diseased  animals. 

Pigeons  are  very  susceptible  to  the  pathogenic  action  of  this  ba- 
cillus, and  usually  die  within  three  or  four  days  after  inoculation 
with  a  pure  culture.  Rabbits  are  not  so  susceptible,  although  a 
certain  proportion  die  from  general  infection  after  being  inoculated 
in  the  ear.  The  first  eflfect  of  such  an  inoculation  is  to  produce  an 
erysipelatous  inflammation.  When  the  animal  recovers  it  is  subse- 
quently immune. 

White  mice  and  house  mice  are  extremely  susceptible,  but  field 


Fio.  139.— ^Section  of  diaphragm  of  a  mouse  dead  from  mouse  septicaBmia,  showing  t>acilli  in 
a  capaiary  blood  vensel.    CBaumgarten.) 

mice  are  immune.  This  remarkable  fact  was  first  ascertained  by 
Koch  by  experiments  with  his  bacillus  of  mouse  septicaemia.  House 
mice  which  have  been  inoculated  with  a  minute  quantity  of  a  pure 
culture  of  the  rothlauf ,  or  mouse  septicaemia,  bacillus,  die  in  from 
forty  to  sixty  hours.  The  animal  is  usually  found  dead  in  a  sitting 
position,  with  its  back  strongly  curved,  and  for  many  hours  before 
death  it  remains  quietly  sitting  in  the  same  position  ;  the  eyes  are 
glued  together  by  a  sticky  secretion  from  the  conjunctival  mucous 
membrane.  At  the  autopsy  the  spleen  is  found  to  be  very  much  en- 
larged, and  there  may  be  a  slight  amount  of  oedema  at  the  point  of 
inoculation. 
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The  bacilli  are  found  in  the  blood  vessels  generally,  and  are  very 
numerous  in  the  interior  of  the  leucocytes,  which  are  sometimes  com- 
pletely filled  with  them. 

Pasteur's  first  studies  relating  to  the  etiology  of  "roug^f  were 
made,  in  collaboration  with  Chamberlain,  Boux,  and  Thuillier,  in 
1882.  His  description  of  the  microorganism  to  which  he  attributetl 
the  disease  does  not  correspond  with  that  subsequently  isolated  by 
Loffler  and  by  Schutz ;  but  the  last-named  bacteriologists,  and  Schot- 
telius  also,  found  the  characteristic  rothlauf  bacillus  in  cultures  from 
his  laboratory  which  had  been  prepared  for  the  protective  inoculation 
of  swine — "  vaccins.'^  Pasteur  found,  by  experimental  inoculations 
of  his  bacillus  of  rouget  into  pigeons,  that  the  virulence  of  his  cul- 
tures was  increased  by  successive  inoculations  through  a  series  of 
these  birds,  as  shown  by  the  occurrence  of  death  at  an  earlier  date, 
and  also  by  the  fact  that' blood  taken  from  the  last  pigeon  in  a  series 
was  more  virulent  for  swine  than  that  from  the  first  or  from  an  in- 
fected pig.  On  the  other  hand,  the  virulence  was  diminished  by  in- 
oculations into  rabbits ;  and,  by  passing  the  bacillus  through  a  series 
of  these  animals,  a  vaccine  was  obtained  which  produced  a  com- 
paratively mild  and  non-fatal  attack  in  swine.  In  practice  the  use 
of  two  diflferent  vaccines  is  recommended,  a  mild — "attenuated" 
— virus  being  first  inoculated,  and,  after  an  interval  of  twelve  days, 
a  second  vaccine  having  greater  pathogenic  potency.  These  inocula- 
tions have  been  extensively  practised  in  France,  and  that  immunity 
from  the  disease  may  be  secured  in  this  way  is  well  established,  hav- 
ing been  confirmed  in  Gtermany  by  Schutz,  by  Lydtin,  and  by  Schot- 
teUus.  There  is,  however,  some  doubt  as  to  the  practical  value  of 
the  method,  inasmuch  as  a  certain  number  of  the  inoculated  animals 
die,  and  there  appears  to  be  danger  that  the  disease  may  be  spread 
by  the  alvine  discharges  of  inoculated  animals.  In  a  region  where 
the  annual  losses  from  the  disease  are  considerable,  and  where  the 
soil  is,  perhaps,  thoroughly  infected  with  rothlauf  bacilli,  protective 
inoculations  probably  afford  the  best  security  against  loss.  But 
under  other  circumstances  the  quarantine  of  infected  animals  and 
thorough  disinfection  of  the  localities  in  which  cases  have  occurre'l 
will  probably  prove  a  better  mode  of  procedure. 

68.    BACILLUS  COPROGENBS  PABVUS. 

Synonym, — Mauseseptikamieahnlicher  Bacillus  (Elisenberg). 

Obtained  by  Bienstock  from  human  faeces. 

Mornhology. — A  very  minute  bacillus,  which  is  but  little  longer  than  it 
is  broaa,  and  might  easily  be  mistaken  for  a  micrococcus. 

Biological  Characters. — Grows  very  slowly  on  nutrient  eelatin,  forming 
a  scarcely  visible  film  along  the  line  of  inoculation,  which  at  the  end  of 
several  weeks  is  scarcely  one  millimetre  wide.     Is  not  motile. 

Pathogenesis, — In  wliite  mice  an  extensive  cedema  is  developed  at  the 
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point  of  inoculation  at  the  end  of  ten  or  twelve  hours,  and  the  animal  dies 
within  thirty- six  hours.  The  hacilli  are  found  in  great  numbers  in  the 
effused  serum  at  the  point  of  inoculation  and  in  comparatively  small  num- 
bers in  the  blood.  A  rabbit  inoculated  with  a  pure  culture  obtained  from  a 
mouse  died  at  the  end  of  eight  days.  The  inoculation,  which  was  made  in 
the  ear,  gave  rise  to  a  local  erysipelatous  inflammation. 

69.   BACILLUS  CAVICIDA. 

Synonym. — Brie^r's  bacillus.  Probably  identical  with  Bacterium  coli 
commune  of  £!scherich. 

Obtained  by  Brieger  (1884)  from  human  faeces. 

Morphology. — Small  bacilli,  about  twice  as  long  as  broad,  which  closely 
resemble  the  colon  bacillus  of  E^herich  ^Bacterium  coli  commune). 

BioloaicaJ  Characters.— An  a^obtc  (lacultative anaerobic),  ruyn-Hqriefy- 
ing  bacillus. 

The  growth  in  gelatin  plate  cultures  is  said  to  be  very  characteristic,  the 
colonies  being  **  in  the  form  of  very  beautifully  grouped,  whitish,  concentric 
rings,  which  are  arranged  like  the  £x»les  upon  tne  back  of  a  turtle  "  (Eisen- 
berg).  The  writer  has  studied  cultures  of  this  bacillus  brought  from  the 
bacteriological  laboratories  of  Germany,  side  by  side  with  cultures  of  the 
Bacterium  coli  commune  of  E^herich,  and  has  found  no  appreciable  differ- 
ences in  the  colonies  in  gelatin  plates,  or  in  the  growth  in  various  culture 
media.  Upon  potato  it  grows  rapidly  in  the  incubating  oven,  forming  a 
dirty-yellow,  moist  layer. 

Pathogenesis. — This  bacillus,  as  first  obtained  by  Brieger,  was  character- 
ized by  being  very  pathogenic  for  guinea-pigs, which  were  invariably  killed, 
within  seventy- two  hours,  by  the  subcutaneous  injection  of  a  minute  quan- 
tity of  a  pure  culture.  The  bacillus  was  found  in  great  numbers  in  the 
blood  of  animals  which  succumbed  to  an  experimental  inoculation.  The 
writer^s  experiments  with  this  bacillus,  made  in  1889,  indicate  that  its  patho- 
genic power  had  become  attenuated,  inasmuch  as  considerable  quantities  of 
a  pure  culture  injected  into  puinea-pi^  did  not  cause  the  death  of  the  ani- 
mals—culture used  came  originally  from  Germany.  Not  pathogenic  for 
rabbits  or  for  mice. 

70.   BACILLUS  CAVICIDA  HAVANIEN8IS. 

This  bacillus  was  obtained  by  the  writer  from  the  contents  of  the  intestine 
of  a  yellow-fever  cadaver,  in  Havana,  1889,  through  inoculated  guinea-pigs. 

Morihology. — ^A  bacillus  with  rounded  ends, 
from  it  'o  to  three  /<  long  and  about  0.7  /*  broad, 
'  squently  united  in  pairs. 

Stains  readily  witn  the  ordinary  aniline  colors. 

Biological  CnaiXLcters.—^n  aSrobic  and /oC" 
nltative  anaSrobic^  non-liquefying^  actively  mo^ 


frequently  united  in  pairs.  *^^5*  ■      '* 

~ 4i%^'^ 

....„ _ ,_...  I 

surface:  3  very  scanty  and  thin,  not  extending  far 


Biological  Cnaixicters,— An  dSrobic  and /oc-       /"  *fcif»** 

In  gelatin  stick  cultures  the  growth  upon  ttie      'Sj^&x^S^^ 


/i7e  bacillus.  &€    iff^J 

In  gelatin  stick  cultures  the  growth  upon  the  '^m^^X' 

surface :  i  very  scanty  and  thin,  not  extending  far  WSSSS^  -  -i  i 

from  tli  3  pomt  of  puncture  ;  alone*  the  line  of  t  ^fem^     "Sfti 

puncture  are  developed  small,  translucent,  pearl-  %f  £!w  j«!L 

like,  sph  3rical  colonies,  which  later  become  opaque  ^"^SSw?*^ 

and  sometimes  granular.    In  fifelatin  roll  tubes,  ^^zTTv  s^'    ' 

at  the  i^nd  of   twenty-four   hours   at   22''    C,  Pio.  140.— Badllus  cavlcida 

the  deep  colonies  are  very  small  spheres,  of  a  pale  Havaniensis;  from  a  potato 

straw  col  Dr ;  later  they  become  opaque,  light  brown  culture,    x  i,ooo.  From  a  pho- 

spheres,  or  may  have  a  dark  central  mass  sur-  tomicrograph.   (Sternberg.) 
rounded  by  a  transparent  zone.    The  superficial 

colonies  it  the  end  of  ^vq  days  are  smallj  translucent  masses  of  a  pale  straw 
color  toT/(  ards  the  centre,  with  thin  and  irregular  margins,  sometimes  with 
85 

•     Digitized  by  VjOOQIC 


426 


BACILLI  WHICH   PRODUCE  SEPTICJEMIA 


a  central  light-brown  nucleus;  at  the  end  of  ten  days  the  deep  colonies  are 
still  quite  small,  of  a  brown  color,  and  opaque. 

In  gl^rcerin-agarroll  tubes,  at  the  end  of  twenty-four  hours,  the  deep  colo^ 
nies  are  in  the  form  of  a  biconvex  lens,  and  appear  spherical  when  viewed 
in  face  and  biconvex  when  seen  from  the  side;  they  have  a  straw  color 
by  transmitted  lig'ht  and  are  bluish- white  by  reflected  light;  the  superficial 
colonies  are  translucent,  with  a  bluish- white  lustre. 

On  potato,  at  22°  C,  at  the  end  of  forty  eifipht  hours  there  is  a  thin,  dirty- 
yellow  growth  of  limited  extent;  at  the  end  of  ten  days  there  is  a  thin, 
gambofife-yellow  layer  and  little  masses  of  the  same  color;  the  ^[Towth  is 
(][uite  thin,  with  irregular  outlines,  and  is  confined  to  the  vicimty  of  the 
impfstrich. 

Grows  in  nutrient  agar  containing  0.2  per  cent  of  hydrochloric  acid. 
Thermal  death- point  55°  C.  Grows  in  agua  coco  without  forming  gas,  and 
causes  this  liquid  and  bouillon  to  become  slightly  translucent — not  milky. 

PatJiogenema, — Pathogenic  for  ffuinea-pigs,  less  so  for  rabbits.  Guinea- 
pigs  inoculated  subcutaneously  with  a  few  drops  of  a  pure  culture  die  m  ten 
or  twelve  hours  from  general  infection.  There  is  usually  a  considerable 
effusion  of  bloody  serum  in  the  vicinity  of  the  point  of  inoculation,  and  the 
spleen  is  more  or  less  enlarged. 

71.  BACILLUS  CRASSUS  SPUTIGBNUS. 

Obtained  by  Ereibohm  (1886)  from  the  sputum  of  two  individuals,  and 
once  in  scrapings  from  the  tongue. 

MorpJiology. — Short,  thick  oacilli,  of  oblong  form,  with  rounded  corners, 
often  bent  or  twisted— ** sausage-shaped."  Immediately  after  division  the 
bacilli  are  about  one-half  longer  than  they  are  broad,  but  before  dividing 


(/^  C 


?>!@(^ 


^i 


'^» 


"^^-^:^^^  -/fe' 


Fm.  141.— BadUus  orasnis  tputi^^iius,  from  bkxxl  of  movie.    X  TOOL   CFlQ<«a.> 

again  they  may  attain  a  length  of  three  to  four  times  the  breadth.  Irregular 
forms  with  swollen  ends  or  uneven  contour  are  frequently  seen. 

This  bacillus  is  quickly  stained  by  the  ordinary  aniline  colors  and  also 
by  Gram's  method. 

Biological  Characters.— An  amebic,  nonrliquefying  (non-motile  0  ba- 
cillus. Grows  in  various  culture  media  at  the  room  temperature — more 
rapidly  in  the  incubating  oven.  **  Appears  to  form  spores  at  35**  C." 
(Fliigge). 

In  gelatin  plates,  at  the  end  of  thirty-six  hours,  grayish- white  colonies  are 
developed,  which  soon  reach  the  surface  of  the  gelatin  and  spread  out  as 
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round,  viscid,  grayish- white  drops,  which  project  considerably  above  the 
surface  of  the  culture  medium.  Under  a  low  magnifying  power  recent  colo- 
nies appear  as  spherical,  grayish-brown  discs,  the  sur&ce  of  which  is  marked 
with  dark  points  or  lines.  The  superficial  colonies  are  more  transparent, 
have  irregular  outlines,  and  the  surface,  especially  near  the  margins,  is 
coarsely  granular.  The  development  in  stick  cultures  is  very  rapid  and  re- 
sembles that  of  Friedlander's  bacillus — '  *  nail-shaped  "  growth.  Upon  potato 
the  sfrowth  is  also  similar  to  that  of  Friedlander^s  bacillus,  and  consists  of  a 
thick,  ffrayish- white,  moist,  and  shining  layer. 

Pathogenesis. — Mice  inoculated  with  a  small  quantitv  of  a  pure  culture 
die  from  acute  septicaemia  in  about  forty-ei^ht  hours.  The  bacilli  are  found 
in  blood  from  the  heart  and  from  the  various  organs — most  numerous  in 
the  hver.  Babbits  are  killed  within  forty  eight  hours  b^  intravenous  injec- 
tion of  a  small  quantity,  and  the  blood  contains  the  bacillus  in  great  num- 
bers. Larger  amounts  injected  into  the  circulation  of  rabbits  or  dogs  cause 
death  in  a  few  hours  (three  to  ten),  preceded  by  diarrhoea,  and  in  some  in- 
stances bloody  discharges  from  the  bowels.  At  the  autopsy  aa  acute  gastro- 
enteritis is  found, 

72.   BACILLUS  PYOGENES  FCBTIDUS. 

Obtained  by  Passet  (1885)  from  an  abscess  of  the  anus. 

Morpholoay,— Short  bacilli  with  rounded  ends,  1.45  /i  long  and  0.58  n 
broad ;  usually  associated  in  pairs  or  in  short  chains. 

Biological  Characters, — An  aerobic,  non-liquefying,  mot  He  bacillus. 
Grows  rapidly  in  the  usual  culture  media  at  the  room  temperature.  In  the 
interior  of  the  rods,  in  stained  preparations,  one  or  two  unstained,  spherical 
places  may  sometimes  be  seen,  which  have  been  supposed  to  be  spores  (?). 
The  independent  motion  exhibited  by  this  bacillus  is  not  very  active.  In 
gelatin  plates  white  colonies  are  developed  at  the  end  of  twenty-four  hours, 
which  upon  the  surface  spread  out  as  grayish-white  plaques,  having  a  dia- 
meter sometimes  of  one  centimetre ;  these  are  thickest  in  the  centre  and  of 
a  whitish  color;  the  colonies  may  become  confluent.  In  gelatin  stick  cul- 
iures  the  growth  upon  the  surface,  at  the  end  of  twenty-four  hours,  consists 
of  a  thin,  grayish-  white  layer  with  rather  thick,  irregular  margins ;  alon^  the 
line  of  puncture  more  or  less  crowded  colonies.  Upon  potato  the  bacillus 
forms  an  abundant,  shining,  pale-brown  layer.  The  cultures  give  off  a  dis- 
agreeable putrefactive  odor. 

According  to  Eisenber^,  mice  and  guinea-pigs  are  killed  in  twenty-four 
hours  by  injections  beneath  the  skin  or  into  the  cavity  of  the  abdomen,  anu 
numerous  bacilli  are  found  in  the  blood. 

73.   PROTEUS  H0MINI8  CAPSULATUS. 

Obtained  by  Bordoni-Uffreduzzi  (1887)  from  two  cadavers  presenting  the 
pathological  appearances  of  the  so-called  **  Hadernkrankheit.  *^ 

Morphology. — Bacilli,  varying  considerably  in  dimensions;  somewhat 
thicker  than  the  anthrax  bacillus;  often  swollen  in  the  middle  or  at  the  ex- 
tremities; more  or  less  curved;  isolated,  united  in  pairs  or  in  long  filaments; 
in  stained  preparations  from  agar  cultures  or  from  blood  the  bacilli  are  sur- 
rounded by  a  **  capsule." 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters. — An  aSrobic  (facultative  anaerobic  ?),  non-lique- 
fying, non-motile  bacillus.  Formation  of  spores  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  At  a  temperature  of  15"^  to 
17'  C.  long  filaments  are  formed,  in  which  the  bacilli  are  surrounded  with  a 
capsule;  at  22°  to  24°  C.  the  bacilli  are  for  the  most  part  isolated,  but  few  fila- 
ments being  formed  ;  at  32°  to  37°  C.  the  bacilli  are  so  short  as  to  resemble 
micrococci;  development  ceases  at  a  temperature  of  8°  and  is  very  slow  at 

16' a 
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Fw.  148,— Proteus  hominis  oapsulAtus,  from 
Uyer  of  monae.  x  1,000.  (Bordonl-Ultre- 
duzzi.) 


This  bacillus  ^rows  as  well  in  an  acid  medium  as  in  one  which  is  alig'htly 
alkaline.  In  g^tin  plates^  at  the  end  of  eighteen  to  twenty-four  hours, 
colonies  are  formed  which  under  a  low  power  are  seen  to  be  spherical  and 
to  contain  a  quantity  of  shining'  granules;  the  following  day.  at  a  tempera- 
ture of  15°  to  17''  C,  the  colonies  may  be  as  large  as  a  pin's  nead  and  still 

remain  spherical  or  slightly  oval,  but 
,  '^^^^"    -  the  outline  is  no  longer  so  uniform, 

and  between  the  shining  points  in  the 
interior  a  confused  network  may  be 
seen ;  as  the  colony  becomes  larger  it 
is  raised  above  the  surface  of  the  gela- 
tin, becomes  opaque,  and  has  a  pearl  v 
lustre  like  that  of  Friedlander's  bacil- 
lus. In  gelatin  stick  cultures  the 
growth  resembles  that  of  Friedlan- 
aer's  bacillus — '^  nail-shaped  growth.'' 
Upon  the  surface  of  nutrient  CLgar  a 
rapidly  extendiuj^,  semi-transpareut 
layer  is  formed.  Upon  potatOy  at  16' 
to  17**  C,  at  the  end  of  twenty-four 
M  '^^.T^HP  '^ITT^^^F  hours  transparent  drops  are  seen  in 

'^^^  •  ^ '^^jpfr^^^  the  vicinity  of  the  pomt  of  inocala- 

^*^'  '^  tion,  and  later  a  moist,  shining,  color- 

less layer,  of  tough  consistence,  is 
formed,  wnich  gradually  extends  over 
the  surface.  The  growth  upon  blood 
serum  resembles  Siat  upon  nutrient 
agar,  and  the  blood  serum  is  not  lic^uefled.  In  liouid  blood  serum  or  in 
bouillon  the  bacilli  are  isolated — ^not  m  filaments;  they  cause  a  clouding  of 
the  liquid,  and  an  abundant  deposit  accumulates  at  the  bottom  of  the  tube, 
while  a  film  of  bacilli  forms  upon  the  surface.  The  cultures  never  give  off 
a  putrefactive  odor. 

Paf/iogene«i«.— Pathogenic  for  dogs  and  for  mice,  less  so  for  rabbits  and 
for  guinea-pigs.  Agar  cultures  grown  in  the  incubating  oven  at  32*'  to  37 
C.  are  more  pathogenic  than  cultures  in  gelatin  at  the  room  temperature. 
A  small  quantity  of  a  recent  culture  injected  subcutaneously  in  mice  causes 
their  death  in  from  one  to  four  days,  according  to  the  quantity  and  age  of 
the  culture;  the  recent  cultures  are  most  virulent.  When  the  animal  lives 
more  than  twenty-four  hours  it  has  a  mucous  diarrhoea.  At  the  aulopsv  the 
spleen  is  found  to  be  much  enlarged  and  dark  in  color  ;  the  lympiiatic 
glands  are  also  swollen  and  haemorrhage,  the  liver  and  kidneys  hyperaemic; 
in  the  vicinity  of  the  point  of  inoculation  is  a  subcutaneous  oedema  of  jelly- 
like appearance  and  numerous  punctiform  haemorrhages  are  seen.  The  ba- 
cillus is  found  in  great  numbers  in  the  effused  serum  from  the  subcutaneous 
tissues,  in  the  blood,  the  contents  of  the  intestine,  and  in  the  parenchyma  of 
the  various  organs.  When  examined  at  once  the  bacilli  in  the  subcutaneous 
oedema  and  in  tne  lymphatic  glands  are  usually  quite  short,  and  even  spherical, 
while  in  the  blood  they  are  somewhat  longer  and  may  appear  as  snort  fila- 
ments with  swollen  enas,  surrounded  by  a  capsule.  When  the  examination 
is  made  some  time  after  the  death  of  the  animal  longer  filaments  are  quite 
numerous.  Rabbits  and  guinea-pigs  are  killed  by  the  intravenous  injection 
of  comparatively  small  amounts  of  a  recent  culture,  but  <^uite  large  doses 
are  required  to  produce  a  fatal  result  when  the  injection  is  made  beneath 
the  skin.  From  two  to  three  cubic  centimetres  of  a  recent  culture  injected 
into  the  circulation  of  a  dog  give  rise  to  symptoms  of  toxaemia,  and  the  ani- 
mal usually  dies  on  the  second  day.  At  the  autopsy  the  abdominal  orsrans 
are  found  to  be  hyperaemic,  the  mucous  membrane  of  the  intestine  swollen, 
red  in  color,  and  covered  witli  bloody  mucus.  The  bacillus  is  found  in  the 
blood  and  in  the  various  organs.  When  smaller  doses  are  iniected  into  a 
vein  (a  few  drops)  the  animtu,  after  a  few  hours,  has  a  mucous  aiarrhoea  and 
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vomitinj^,  or  efforts  to  vomit.  Death  usuallj  occurs  at  the  end  of  two  or 
three  days.  At  the  autopsy  the  spleen  is  found  to  be  normal,  the  other  or- 
gans slightly  hypersemic,  and  the  intestinal  mucous  membrane  in  a  state  of 
catarrh^  inflammation.  The  bacilli  are  found  in  the  blood  and  in  the  vari- 
ous organs  in  considerable  numbers. 

74.    PROTEUS  CAPSULATUS  8BPTICUS. 

Obtained  by  Banti  (1888)  from  a  case  of  *'  acute  hsemorrhaffio  infection.'' 
According  to  Banti,  this  is  possibly  identical  with  the  preceding  species — 

Proteus  hominis  capsulatus— -but  in  some  respects  more  nearly  resembles 

Friedlander's  bacillus. 

75.    BACILLUS  ENTKRITIDIS. 

Obtained  by  Gartner  (1888)  from  the  tissues  of  a  cow  which  was  kiUed  in 
consequence  of  an  attack  characterized  by  a  mucous  diarrhoea,  and  also  from 
the  spleen  of  a  man  who  died  twelve  hours  after  eating  the  flesh  of  this 
animal. 

MorpTiology. -Short  bacilli,  about  twice  as  long  as  broad,  frequently  united 
in  pairs;  chains  of  four  to  six  elements  are  sometimes  seen. 

Stains  with  the  usual  aniline  colors,  and  presents  the  peculiarity  of 
staining  deeply  at  one  end  while  the  remainder  of  the  rod  is  but  slightly 
stained.  When  two  bacilli  are  united  the  deeply  stained  ends  are  in  apposi- 
tion. 

Biological  Chamctera.^Aii  aercbiCy  non-liquefvuig,  motile  bacillus. 
Spore  formation  not  determined.  Grows  in  the  usual  culture  media  at  the 
room  temperature.  Upon  gelatin  plates  pale-gray,  superficial  colonies  are 
formed  at  the  end  of  twenty-four  hours ;  under  a  low  power  these  are  seen 
to  be  coarsely  granular  and  transparent;  the  central  portion  usually  pre- 
sents a  greenish  color  ;  deep  colonies  are  spherical,  indistinctly  granular, 
and  of  a  brownish  color  ;  in  older  colonies  a  marginal  transparent  zone  is 
seen  which  appears  to  be  made  up  of  minute  fragments  of  glass  of  a  nale- 
brown  color.  In  gelatin  stick  ctUzures  but  slight  development  occurs  alonj^ 
the  line  of  puncture  ;  upon  the  surface  a  thick,  ffrayish-white  layer  is 
formed,  which  after  a  time  becomes  very  much  wrinkled.  Upon  the  surface 
of  agar,  at  37"  C,  at  the  end  of  eighteen  to  twenty  hours  a  grayish-yellow 
layer  has  formed.  Upon  potato  a  moist,  shining,  yellowish-gray  layer  is 
developed.  The  growth  upon  blood  serum  is  rapid  in  the  form  of  a  gray 
layer  along  the  line  of  inoculation. 

Pathogenesis. — White  mice  and  house  mice  usually  die  in  from  one  to 
three  days  when  fed  with  a  pure  culture  of  this  bacillus.  Babbits  and  eui- 
nea-pigs  die  in  from  two  to  Ave  days  from  subcutaneous  in jections— less 
pathogenic  for  pigeons  and  canary  birds.  Dogs,  cats,  chickens,  and  sparrows 
are  immune.  A  goat  died  in  twenty  hours  after  receiving  an  intravenous 
injection  of  two  cubic  centimetres  of  a  culture  in  blood  serum.  The  princi- 
pal pathological  appearance  consists  in  an  intense  inflammation  of  tlie  in- 
testinal mucous  membrane.  The  bacilli  are  found  in  blood  from  the  heart 
and  also  in  the  contents  of  the  stomach. 

76.   BACILLUS  OF  GROUSE  DISEASE. 

Obtained  by  Klein  (1889)  from  the  lungs  and  liver  of  grouse  which  had 
succumbed  to  an  epidemic  disease. 

Morphology, — Bacilli  with  rounded  ends,  from  0.8  to  1.6/*  long;  may 
also  be  seen  as  spherical  or  oval  cells  0.6  /i  long  and  0.4  >u  thick ;  solitary,  iii 
pairs,  or  in  chains  of  three  to  four  elements. 

Stains  best  with  Weigert's  solution  of  methylene  blue  in  aniline  water. 

Biological  Characters. — An  aSrobic,  non-liquefying y  non-motile  bacillus. 
Spore  formatioQ  not  observed.    Grows  in  the  usual  culture  media  at  the 
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room  temperature — ^better  in  the  incubating  oven.  Upon  gelatin  plateSy  at 
20^  C,  at  the  end  of  twenty-four  hours  small,  angular,  transparent  scales 
may  bo  seen  upon  the  surface  with  a  low-power  lens ;  at  the  ena  of  three  or 
four  days  these  form  flat,  more  or  less  irregular,  shining,  gray  colonies,  with 
thin  and  of  ten  dentate  margins ;  these  colonies  may  become  confluent  and 
form  a  dry,  scaly  layer  which  by  reflected  light  has  a  peculiar,  fatty  lustre 
In  gelatin  stick  cultures  the  superficial  growth  is  in  the  form  of  a  trans- 
parent, dry,  grayish  layer  with  dentate  margins,  not  more  than  three  to  five 
millimetres  in  diameter.  Upon  a^aVy  at  36**  to  37"*  C,  a  thin,  whitish-gray, 
dry  layer  is  formed. 

Pathogenesis. — Pathogenic  for  mice,  for  guinea-pigs,  for  linnets,  and  for 
green-finches ;  less  so  for  sparrows.  Chickens,  pigeons,  and  rabbits,  acoord- 
mg  to* Klein,  are  immune.  Of  eight  mice  inoculated  subcutaneously  with 
one  or  two  drops  of  a  bouillon  culture,  six  died  within  fortr-eight  hours 
and  two  recovered.  Out  of  eight  guinea-pigs  inoculated  in  the  same  way 
four  died  in  forty-eight  hours  and  two  recovered.  At  the  autopsy  the 
lun^  an(f  liver  were  found  to  be  hypersBmic,  the  spleen  not  enlarged.  The 
bacQli  "^ere  present  in  large  numbers  in  blood  from  the  heart  and  in  the 
lungs. 

77.  BACILLUS  GALLINARUM. 

Obtained  by  Klein  (1889)  from  the  blood  of  chickens  which  succumbed 
to  an  epidemic  disease  resembling  *^  fowl  cholera."  The  bacillus  is  believed 
by  Klein  not  to  be  identical  with  Pasteur^s  bacillus  of  fowl  cholera,  and  is 
said  not  to  be  pathogenic  for  rabbits,  which  would  seem  to  differentiate  it 
from  this  bacillus  (Bacillus  septicaemiae  haemorrhagicse). 

3forp/ioZo^2^.— Bacilli  with  rounded  ends,  from  0.8  to  3  ^  long  and 
0.3  to  0.4  /<  thick ;  often  in  pairs. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters, — An  aerobic^  non-liquefying^  non-motile  bacillus. 
Does  not  form  spores.  Grows  in  the  usual  culture  media  at  the  room  tem- 
peratm'e— better  in  the  incubating  oven.  Upon  gelatin  pkUes  forms  grayish- 
wiiite,  superficial  colonies,  which  later  present  the  appearance  of  flat,  homo- 
geneous, whitish  discs  with  thin  edges  and  irregular  margins,  and  by 
transmitted  light  have  a  brownish  color.  The  deep  colonies  are  small  and 
spherical,  and  have  a  brownish  color  by  transmitted  light.  In  gelcUin  stick 
cultures  a  thin,  gray  layer  with  irregular  margins  and  of  limited  extent 
forms  upon  the  surface,  and  a  scanty  growth  occurs  along  the  line  of  punc- 
ture in  tlie  form  of  a  grayish-white  line.  Upon  the  surface  of  agar^  at 
37**  C,  a  thin,  gray  layer  with  irregular  margins  has  developed  at  the  end  of 
twenty-four  hours ;  later  this  extends  over  the  entire  surface  as  a  thin,  gray- 
ish-white layer.  No  growth  occurs  upon  potato  at  37°  0.  In  bouillon,  at  37 
C,  development  occurs,  with  clouding  of  the  bouillon,  within  twenty -four 
hours;  later  a  deposit  consisting  of  bacilli  is  seen  at  the  bottom  of  the  tube, 
but  no  film  forms  upon  the  surface. 

Pathogenesis,  ^Chickens  inoculated  subcutaneously  with  a  pure  culture 
die  in  from  twenty^four  hours  to  eight  or  nine  days.  Pigeons  and  rabbits 
are  immune. 

78.   BACILLUS  8MARAGDINU8  FCBTIDUS. 

Obtained  by  Beimann  (1887)  from  the  nasal  secretions  in  a  case  of 
ozaena. 

Morphology. — Small,  slender,  slightly  curved  bacilli,  about  half  as  largo 
as  the  tubercle  bacilli;  usually  arrang^ed  in  parallel  groups. 

Biological  Characters. — Anaerobic  saidfacultatit^eanaerdbiCy  liquefying 
bacillus.  Spore  formation  not  observed.  Grows  slowly  at  the  room  tem- 
perature in  the  usual  culture  media— more  rapidly  at  37^  C.  In  gelatin  stick 
cultures  development  occurs  along  tlio  line  of  puncture,  and  at  the  end  of 
forty-eight  hours  a  slight  liquefaction,  in  form  of  a  funnel,  occurs  near  th« 
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surface*  after  the  eighth  day  liquefaction  progresses  more  rapidly.    About 
*  ith  day  a  bright-green  color  is  recognized  ■ 


the  sixth  day  a  bright-green  color  is  recognized  in  the  upper  part  of  the  tube 
by  reflected  light.  Upon  agar  plates^  at  37'  C,  at  the  end  of  forty-eight 
hours  minute  colonies  are  formed,  of  irregular  form,  which  have  a  white 
Golorwith  a  shade  of  green;  in  older  colonies  the  central  portion  may  be 
finely  granular  and  brownish  yellow  in  color,  while  tiie  marginal  zone  is 
more  transparent;  the  agar  has  by  reflected  light  a  deep  emerald  green  color. 
In  agar  stick  ctUtureSy  at  the  end  of  twenty  hours,  an  abundant  development 
has  occurred  without  color;  at  the  end  of  forty-eight  hours  the  culture  me- 
dium is  of  a  bright  green  color  throughout ;  later  the  color  changes  to  brown. 
A  dirty-yellow  layer  forms  upon  the  surface  of  the  agar.  Upon  potato^  at 
37'  C,  a  dark-brown  layer  forms  in  the  vicinity  of  the  line  of  inoculation; 
later  this  is  chocolate  brown. 

The  cultures  in  gelatin  and  agar  give  off  a  peculiar,  penetrating  odor 
similar  to  that  of  jasmin. 

Pathogenesis.— FaXhogenic  for  rabbits  when  injected  into  a  vein  or  sub- 
cutaneously.  Death  occurs  in  from  thirtv-six  to  forty-eight  hours.  At  the 
autopsy  haemorrhagic  extravasations  are  mund  beneath  the  pericardium  and 
the  pleurae ;  abscesses  in  the  lunj^  and  liver.  The  bacilli  are  found  in  the 
blood  and  in  the  various  organs  m  large  numbers. 

79.   BACILLUS  PNKXJMOSEPTICU8. 

Obtained  by  Babes  (1889)  from  the  blood  and  tissues  of  an  individual  who 
died  of  septic  pneumonia. 

IforpfoZojg^.— Small,  straight  bacilli  about  0.2  /i  thick. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Biological  Characters.— An  airobic  and  faculiatit)e  anaJSrdbic,  non-lique- 
fying, non-motile  bacillus.  Spore  formation  not  observed.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  qelatin  plates  superfi- 
cial colonies  are  formed  which  are  flat,  irregular  in  outline,  whitish,  shining, 
and  semi-transparent ;  under  a  low  power  flnger-like  offshoots  are  seen  about 
the  periphery.  In  gelatin  stick  cultures  an  abundant  development  occurs 
along  the  line  of  puncture ;  the  colonies  give  off  a  strong  sperm-like  odor. 
Upon  the  surface  of  a>gar  small,  whitish,  flat,  shining  colonies  with  ill  de- 
fined outlines  are  formed,  which  soon  become  confluent  and  cover  the  sur- 
face; an  abundant  white  deposit  is  seen  in  the  condensation  water.  Upon 
potato  a  moist,  white  layer  is  formed.  Upon  blood  serum  circular,  whitish, 
transparent  colonies  are  formed  along  the  line  of  inoculation,  which  soon 
coalesce. 

Pathogenesis. — ^Very  pathogenic  for  rabbits,  guinea-pigs,  and  mice  when 
injected  subcutaneously  in  small  amount.  The  animals  die  in  from  two  to 
three  days  without  any  noticeable  local  inflammation  and  with  symptoms  of 
septicaemia.  The  lungs  and  spleen  are  found  to  be  hyperaemic.  The  bacilli 
are  found  in  the  blood  free,  or  sometimes  enclosed  m  the  leucocytes;  they 
are  only  found  in  small  numbers  in  the  capillaries  of  the  internal  organs. 
Cultures  gradually  lose  their  virulence  when  propagated  in  artiflcial  media. 

80.   BACILLUS  CAPSULATXJS, 

Obtained  by  Pfeiffer  (1889)  from  the  blood  of  a  guinea-pig  which  died 
spontaneously. 

Morphology, — Thick  bacilli  with  roimded  ends,  usually  two  or  three 
times  as  long  as  broad;  often  united  in  chains  of  two  or  three  elements;  may 
grow  out  into  homog[eneous  fllaments.  Stained  preparations  show  the  ba- 
cilli to  be  enveloped  m  an  oval  capsule  which  may  be  considerably  broader 
than  the  bacilli  tnemselves — ^two  to  five  times  as  oroad ;  where  several  ba- 
cilli are  united  they  are  surrounded  by  a  single  capsular  envelope. 

Stains  with  the  usual  aniline  colora,  but  not  by  Gram's  method.  In  pre- 
parations which  are  deeply  stained  with  hot  fuclisin  or  gentian  violet  solu- 
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tion  the  capsule  is  so  deeply  stained  that  the  bacillus  is  hidden;  by  careful 
treatment  with  a  weak  solution  of  acetic  acid  the  capsule  may  be  differen- 
tiated as  a  pale-red  or  violet  envelope  surrounding  the  deeply  stained  bacillL 

Biological  Characters,^ An  aSr- 
chic  and  fa^cultative  anaerobic, 
nan  liquefying^  non-motile  bacillus. 
Spore  formation  not  observed. 
Grows  in  the  usual  culture  media 
at  the  room  temperature.  The  cul- 
tures in  agar  or  upon  potato  are  very 
viscid  and  draw  out  into  long 
threads  when  touched  with  the  pla- 
tinum needle :  the  blood  of  an  ani- 
mal killed  by  inoculation  with  this 
bacillus  has  the  same  viscid  charac- 
ter. Upon  gelatin  plates  minute 
colonies  are  first  visible  at  the  end 
of  twenty  four  to  thirty-six  hours; 
later  the  deep  colonies  are  white, 
oval  masses  the  size  of  a  pin^s  head ; 
the  superficial  colonies  attain  the 
size  of  a  lentil,  and  are  flattened, 
hemispherical  masses  with  a  porc^ 
lain-wnite  color.  In  gelatin  stick 
cultures  growth  occurs  to  the  bot- 
tom of  the  line  of  puncture,  and  on 
the  surface  a  shining  white,  circular, 
arched  mass  forms  around  the  point  of  puncture,  resembling  the  growth  of 
Friedlander's  bacillus.  Upon  the  surface  of  a^ar,  at  37^  C  ,  at  the  end  of 
twenty-four  hours  a  thick,  soft  layer  of  a  pure  white  color  is  formed,  which 
is  very  viscid  and  resembles  the  growth  of  Micrococcus  tetra^nus  unon  the 
same  medium.  Upon  potato  an  abundant  and  viscid,  shining,  yellowish- 
white  layer  is  quickly  developed. 

Pathogenesis. — Pathogenic  for  white  mice  and  for  house  mice,  which  die 
at  the  end  of  two  or  three  days  after  being  inoculated  at  the  root  of  the  tail 
with  a  small  quantity  of  a  pure  culture.  Inoculation  from  mouse  to  mouse 
increases  the  virulence  of  the  cultures.  At  the  autopsy  the  superficial  veins 
are  distended  with  blood,  the  inguinal  elands  enlargisd,  the  spleen  consid- 
erably enlarged,  the  liver  and  kidneys  nypersemic,  the  intestine  pale,  the 
heart  distended  with  blood,  which  usually  is  very  viscid  and  is  drawn  out 
into  threads  when  touched  with  the  platinum  neeole.  The  bacilli  are  found 
in  the  blood  and  in  all  of  the  organs,  in  the  contents  of  the  peritoneum  and 
pleurae,  and  in  the  exudate  in  the  vicinity  of  the  point  of  inoculation, 
pathogenic  also  for  guinea  pigs  and  for  pigeons;  guinea-pigs  are  infallibly 
killed  within  thirty-six  hours  by  the  injection  of  a  single  di*op  of  a  bouillon 
culture,  twenty-four  hours  old,  into  the  cavity  of  the  abdomen;  the  blood 
contains  the  bacillus  in  enormous  numbers,  as  does  the  viscid  fiuid  found  in 
the  peritoneal  cavity.  Rabbits  do  not  succumb  to  intraperitoneal  or  subcu- 
taneous inoculations,  but  are  killed  by  the  intravenous  injection  of  one 
cubic  centimetre  of  a  recent  bouillon  culture.  Putrefactive  changes  occur 
very  quickly  in  animals  killed  by  inoculation  with  this  bacillus. 


Fxa  148.— Bacillus  capsulatus,  from  peritoneal 
exudate  of  an  inoculated  guinea-pig.  x  1,000. 
From  a  photomicrograph.   (Ffeiffer.) 


81.   BACILLUS  HYDROPHILU8  FU8CU8. 

Obtained  by  Sanarelli  (1891)  from  the  lymph  of  frogs  suffering  from  a 
fatal  infectious  disease. 

Morphology. — Bacilli  with  rounded  ends,  usually  from  1  to  3  /<  in  length ; 
often  short  oval :  may  grow  out  into  filaments  of  12  to  20  /i  in  length. 

Biological  Characters. — An  aerobic,  liquefying,  motile  bacillus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.    In  gelatin  stick  cut- 
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Fio.  141.— Bacillus  hydrophflius  fus- 
CU8,  in  blood  of  triton.    (Sanarelli. ) 


tures,  at  18*  to  20'  C,  liquefaction  has  already  commenced  along  the  line  of 
puncture  at  the  end  of  twelve  hours,  and  at  the  end  of  thirty -six  to  forty- 
eight  hours  half  of  the  ^latin  is  liquefied  in  funnel  shape ;  on  the  third  or 
fourth  day  the  gelatin  is  completely  lique- 
fied, and  a  thick,  white,  flocculent  deposit 
is  seen  at  hottom  of  the  tube.  In  glycerin- 
agar,  at  d?""  C,  a  slight,  bluish,  diffuse 
fluorescence  is  seen  upon  the  surface  at  the 
end  of  twelve  hours,  and  soon  after  a  luxu- 
riant growth,  which  soon  covers  the  entire 
surface,  is  developed ;  at  the  end  of  twenty- 
four  to  thirty -six  hours  large  gas  bubbles 
begin  to  form  in  the  agar;  gi^ually  the 
fluorescence  disappears,  me  surface  gi'owth 
becomes  thicker  and  has  a  dirt^r-^ray  color 
which  changes  later  to  brownish.  Blood 
serum  is  a  favorable  medium  and  is  rapidly 
liquefied  by  this  bacillus.  Upon  potato  the 
growth  is  most  characteristic.  At  the  end 
of  twelve  hours  a  thin,  straw-yellow  layer 
is  developed  along  the  impfstrich;  mis 
gradually  becomes  vellow,  and  at  the  end 
of  four  to  five  days  has  a  brown  color,  resembling  that  of  the  glanders  bacil- 
lus upon  potato. 

Pathogenesis.— FsLthosenic  for  frogs,  toads,  lizards,  and  oth  "cold- 
blooded" animals;  also  for  guinea-pigs,  rabbits,  dogs, 
cats,  mice,  chickens,  and  pigeons.  When  a  few  drops  of 
a  bouillon  culture  are  injected  into  the  muscles  of  the 
thigh,  swelling  and  redness  at  the  point  of  inoculation 
are  quickly  developed,  and  death  usually  occurs  in  eight 
to  ten  hours.  The  bacilli  are  found  in  great  numbers  in 
the  blood  and  in  all  of  the  organs.  Guinea  pigs  die  from 
general  infection  within  twelve  hours  after  receiving  a 
subcutaneous  injection  of  a  small  amount  of  a  pure  cul- 
ture; the  spleen  is  enlarged  and  the  liver  and  spleen  hy- 
peraemic;  an  extensive  inflammatory  oedema  in  the  vicin- 
ity of  the  inoculation  wound  is  frequently  observed;  the 
bacilli  are  very  numerous  in  the  blood  and  in  all  the  or- 
gans. Babbits  die  in  five  to  six  hours  from  an  intravenous 
injection.  Adult  dogs  are  immune,  but  new-bom  dogs 
(three  to  four  days  old)  die  infallibly,  after  receiving  a 
subcutaneous  injection  of  a  small  quantity  of  a  pure  cul- 
ture, in  twelve  to  thirty-six  hours.  Young  cats  also  suc- 
cumb to  similar  inoculations.  Chickens  and  pigeons  die 
within  five  to  seven  hours  after  receiving  an  intravenous 
injection,  but  resist  subcutaneous  injections. 


Fio.  145.— BacIUns 
hydrophiluB  fuscus; 
colture  in  nutrient 
gelatin,  end  of  six- 
teen hours.  (Sana- 
relU.) 


82.    BACILLUS  TENUIS   SPUTIGENUS. 

Obtained  by  Pansini  (1890)  from  sputum. 
Morphology.  -  Short   bacilli,  usually  in  pairs  and  sur- 
rounded by  a  capsule. 

Stains  Dj  Gram's  method. 

Bioloqical  Characters.— ^n  a^rcbie,  non-liquefying, 
nan  motile  bacillus.  Grows  in  nutrient  gelatin  at  the 
room  temperature.  Develops  abundantly  on  potato. 
Coagulates  milk  and  produces  an  acid  reaction  m  this 
medium. 

Pathogenesis. -V2X\io^xac  for  rabbits  and  white  rats;  not  for  guinea- 
pigs  or  for  white  mice  (in  small  doses). 
86 
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83.    BACILLUS  OF  LASER. 

Obtained  by  Laser  (1892)  from  mice  which  succumbed  to  an  epidemic  dis- 
ease in  Fr&nkeFs  laboratory  at  Konigsberg. 

In  its  characters  tbis  oacillus  closely  resembles  the  bacillus  of  swine 
ne  (No.  66),  and  is  perhaps  identical  with  it. 


Morphology, — A  small  bacillus,  with  rounded  ends,  about  twice  as  long 

broaa.    Has  flagella  both  at  the  extremities  and  sides. 

Stains  by  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.  Spore  formation  not  observed.  Grows 
either  in  flie  incubating  oven  or  at  the  room  temperature.  Thermal  death - 
point  65°  to  70°  C. — ten  minutes'  exposure.  Upon  gelatin  plates,  at  the  end 
oftwo  days,  the  deep  colonies  are  spherical,  finely  granular,  and  brownish 
in  color;  the  superficial  are  transparent,  finely  granular,  and  leaf -like. 
In  gelatin  stick  cultures  growth  occurs  along  the  entire  line  of  puncture  as 
well  as  upon  the  surface.  At  the  end  of  three  days  a  considerable  evolution 
of  fifas  is  usually  observed.  In  aqar  an  abundant  development  is  seen  at  the 
ena  of  twenty- four  hours  in  the  incubating  oven;  upon  the  surface  a  gray- 
ish-white, shining  layer  with  dentate  margins  is  formed  along  the  track  of 
the  needle.  In  botuUon,  at  87'  C,  development  is  abundant  and  rapid;  a 
thin  film  is  formed  on  the  surface  at  the  ena  of  the  second  day.  Upon  pota to 
a  brownish  layer  is  formed  at  the  end  of  twenty-four  hours.  In  milk  an 
acid  reaction  is  produced. 

Pathogenesis, — Pathogenic  for  field  mice,  guinea-pigs,  rabbits,  and 
pigeons.  The  bacillus  is  found  in  the  blood  and  various  oi^gans  of  infected 
mice.    The  spleen  is  found  to  be  greatly  enlarged. 

84.  BACILLUS  TYPHI  MURIUM  (LoSLer), 

Obtained  bv  Loffler  (1889)  from  mice  which  died  in  his  laboratory  from 
an  epidemic  disease  due  to  this  bacillus. 

Morpholoay. — Short  bacilli,  resembling  the  bacillus  of  diphtheria  in 
pigeons,  and  varying  considerably  in  dimensions— like  the  bacillus  of 
typhoid  fever;  grows  out  into  flexible  filaments. 

Stains  with  me  aniline  colors— best  with  Loffler's  solution  of  methylene 
blue. 

Biological  Characters. — An  aerobic  and  facultative  anairobic,  non- 
liqtiefying,  motile  bacillus.  Spore  formation  not  determined.  Has  flagella 
around  the  periphery  of  the  cells,  like  those  of  t&e  typhoid  bacUlus,  and  ex- 
hibits similar  active  movements.  In  gelatin  stick  cultures,  at  the  room 
temperatui'e,  growth  occurs  upon  the  surface,  at  the  end  of  forty -eight  hours, 
in  tlie  form  of  a  flat,  grayish -white,  round,  semi-transparent  mass  the  size  of 
a  pin's  head ;  later  the  surface  colony  increases  in  extent  and  has  more  or 
less  irregular  margins.  In  gelatin  plate  cultures  the  deep  colonies  are  at 
first  round,  slightly  granular,  transparent,  and  grayish;  later  thevare  of  a 
yellowish-brown  color  and  decidedly  granular.  The  superficial  colonies  are 
very  granular  and  marked  by  delicate  lines — similar  to  colonies  of  the 
typnoid  bacillus.  Upon  aqar  a  grayish- white  layer  is  developed  which  is 
not  at  all  characteristic,  upon  jfyotato  a  rather  thin,  whitish  layer  is  formed, 
and  around  this  the  potato  acquires  a  dirty  bluish-gray  color.  In  milk  an 
abundant  development  occurs,  and  a  decidedly  acid  reaction  is  produced 
without  causing  any  perceptible  chan^  in  the  appearance  of  the  fluid. 

Pathogenesis. — t^athogenic  for  white  mice,  which  die  in  from  one  to  two 
weeks  after  infection ;  also  to  field  mice,  which  succumb  to  subcutaneous  in 
jections  of  a  pui-e  culture,  and  also,  in  from  eight  to  twelve  days,  when  fed 
upon  potato  cultures  or  bread  moistened  with  a  small  quantity  of  a  bouillon 
culture.  Lofiler  believes  that  this  bacillus  may  be  used  for  the  destruction 
of  field  mice  in  grain  fields,  inasmuch  as  they  invariably  die  after  ingesting 
food  which  has  been  contaminated  with  it,  and  also  from  eating  the  bodies 
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of  other  mice  which  hare  died  as  a  result  of  infection.  House  mice  are  also 
susceptible.  Rabbits,  griinea  pigs,  pigeons,  and  chickens  were  found  by 
Loffler  not  to  be  susceptible  to  infection  by  feeding. 

85.  BACILLUS  OP  CAZAL  AND  VAILLARD, 

Obtained  by  Cazal  and  Vaillard  (1891)  from  cheesy  nodules  upon  the 
peritoneum  and  in  the  pancreas  of  an  individual  who  died  in  the  hospital 
at  Val  de  Grace. 

Morphology.— BaciUi  with  rounded  ends,  but  little  longer  than  they  are 
broad ;  solitary,  in  i>airs,  or  in  chains  of  ten  to  fifteen  or  more  elements. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method ;  the 
extremities  of  the  rods  are  more  deeply  stained  than  the  central  portion— 
'^  polar  staining." 

Biologicdl  uharactera.— An  aerobic  and  factdtative  anaircbic,  liquefy- 
ing,  mottle  bacillus.  Does  not  form  spores.  Grows  in  the  usual  culture  media 
at  the  room  temperature— more  rapidly  in  the  incubating  07en  at  37"  C.  In 
gelatin  stick  cultures,  at  the  end  of  twenty-four  hours,  a  series  of  puncti- 
form,  white  colonies  is  developed  along  the  line  of  puncture;  upon  me  sur- 
face development  is  more  abundant,  and  at  the  end  of  forty-eight  hours 
liquefaction  commences  ;  this  progresses  slowly  from  above  downward, 
and  a  white,  flocculent  deposit  accumulates  at  the  bottom  of  the  liquefied 
gelatin.  Upon  the  surface  of  agar^  at  the  end  of  twenty-four  hours  at  87 
C,  a  moist,  transparent,  opalescent  layer  is  developed,  which  rapidly  ex- 
tends over  the  entire  surface  ;  later  this  layer  becomes  somewhat  thicker, 
whitish,  and  cream  like  in  consistence,  without  losing  its  transparency. 
Upon  potato  a  thick,  prominent,  moist,  and  slightly  viscid  layer  is  devel- 
oped, which  at  first  has  a  pale-yellow  and  later  a  yellowish-brown  color. 
In  bouillon  development  is  abundant,  producing  a  milky  opacity  of  the 
liquid ;  a  thick,  flocculent  deposit  accumulates  at  the  bottom  of  tne  tube  ; 
the  reaction  of  the  culture  liquid  becomes  very  alkaline.  All  of  the  cultures 
give  off  a  peculiar  odor,  slightly  ammoniacal  and  resembling  that  of  putrid 
mine.  The  cultures  retain  their  vitality  for  several  months — in  a  closed 
tube  for  more  than  a  year.  The  thermal  death-point  is  60^  C.  with  fifteen 
minutes'  exposure. 

Patlu)qenesis, — Pathogenic  for  rabbits  and  mice,  but  not  for  guinea-pigs. 
In  mice  death  occurs  from  general  infection,  at  the  end  of  forty -eight  to 
sixty  hours,  from  the  subcut^eous  injection  of  one  eighth  cubic  centimetre 
of  a  recent  bouillon  culture.  In  rabbits  injection  of  one  cubic  centimetre 
into  the  circulation  causes  the  death  of  the  animal  in  thirty-six  to  fifty 
hours.  The  symptoms  induced  are  a  foetid  diarrhoea  and  paralysis  of  the 
extremities.  When  smaller  doses  are  injected  (0.5  cubic  centimetre)  a 
chronic  malady  is  developed,  characterized,  at  the  outset  by  diarrhoea  and 
emaciation,  then  by  the  development  of  tumors  which  resemble  those  found 
in  the  man  from  whom  the  cultures  were  first  obtained.  These  tumors  are 
for  the  mc^  part  located  in  the  subcutaneous  connective  tissue ;  after  a  time 
they  attain  tlie  size  of  a  chestnut  and  ulcerate,  allowing  the  escape  of  a 
8emi-fiuid,  purulent  material.  The  animals  usually  recover.  Similar  tumors 
are  developed  as  a  result  of  subcutaneous  injections  of  one  to  three  cubic 
centimetres  of  a  recent  bouillon  culture. 

86.   BACILLUS  OP  BABES   AND  OPRESCU. 

Obtained  by  Babes  and  Oprescu  (1891)  from  a  case  of  septicaemia  haemor- 
rhagfica  prasenting  some  resemblance  to  exanthematic  typhus. 

Morphology.  —  In  agar  cultures  the  bacilli  are  from  0.4  to  0.5  >m  thick,  and 
are  frequently  united  m  pairs;  associated  with  these  rod-shaped  bacteria  are 
forms  which  are  of  a  short  oval.  In  gelatin  cultures  oval  forms  are  more 
numerous ;  they  have  a  diameter  of  0.3  to  0.4  //,  and  often  appear  to  be 
surrounded  by  a  capsule.     In  fresh  cultures  the  bacilli  are  often  in  form  of 
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a  figure  8,  and  are  only  stained  at  the  point  of  contact  of  the  two  segments. 
In  potato  cultures  they  are  sometimes  elongated  and  swollen  at  one  ex- 
tremity. 

Stains  with  the  usual  anilme  colors  and  hy  Gramas  method. 

Biological  Characters. — An  airobic  and  fac\dtatit)e  anaerobic,  nofirlique- 
fyinq^  actively  motile  hacillus.  Spore  formation  not  observed.  Grows  in  the 
usual  culture  media  at  the  room  temperature— more  rapidly  at  37^  C.  In 
gelatin  8fic^  ctiZ^ure^  yellowish- white  colonies  are  developed  along  the  line 
of  puncture;  at  the  bottom  these  may  have  a  diameter  of  one  to  two  millime- 
tres, and  they  have  a  brown  color.  Upon  the  surface  an  irregular,  lobulaled. 
whitish,  translucent,  paraffin  like  laver  is  developed.  At  the  end  of  eight 
days  the  surface  growth  consists  of  large,  confluent,  transparent  plaques, 
with  irregular  outlines  and  crenated,  elevated  margins  ;  along  the  line  of 

Juncture  lar^,  separate,  lenticular  or  spherical  colonies  are  seen  ;  these 
ave  a  brownish-wriite  color.  At  the  end  of  two  months  the  surface  growth 
is  concentric  and  still  more  transparent,  while  the  colonies  near  the  surface 
have  become  almost  brown.  Upon  the  surface  of  agar,  at  37*  C,  a  narrow 
band  is  developed  along  the  line  of  inoculation;  above,  this  is  composed  of 
transparent,  shining,  &t,  round  colonies  having  a  diameter  of  one  milli- 
metre or  more ;  below,  the  colonies  are  confluent  and  form  a  transparent, 
whitish  layer.  In  gl]^cerin-agar  development  is  still  more  abundant,  and 
may  already  be  perceived  at  the  end  of  twelve  hours.  ^  Crystals  are  seen 
below  the  surface  in  agar  cultures  and  about  the  superficial  colonies  in  gela- 
tin. Upon  potato  a  uniform,  thin,  grayish,  very  transparent  layer  is  de- 
veloped, which  sometimes  has  a  brownish-gray  tint.  At  the  end  of  a  few 
days  the  potato  acquires  a  hrownish  color.  In  bouillon  cloudiness  of  the 
medium  is  apjparent  at  the  end  of  ten  hours  ;  twenty -four  hours  later  a 
whitish  precipitate  is  seen  at  the  bottom  of  the  tube,  which  is  more  abuii  • 
dant  when  the  culture  medium  contains  glucose;  later  a  thin  pellicle  is 
seen  upon  the  surface  and  the  bouillon  acquires  a  yellowish  color. 

Pathogenesis. — Recent  cultures  are  patho^nic  for  rabbits,  guinea-pigs, 
pigeons,  and  mice,  which  die  from  general  infection  in  from  two  to  four 
days.      Old  cultures  are  less  virulent. 

87.    BACILLUS  OF  LUCET. 

Obtained  by  Lucet  (1891)  from  chickens  and  turkeys  suffering  from  an 
infectious  form  of  septicaBmia  characterized  by  dysenteric  discharges — *'  Dy- 
senterie  epizootique  des  poulcs  et  des  dindes." 

Resembles  Bacillus  gallinarum  of  Klein,  and  is  perhaps  identical  with 
this  microorganism. 

Morphology. — Short  bacilli,  from  1.2  to  1.8  ;«  ^^^&  usually  in  jMurs. 

Stains  witn  the  usual  aniline  colors,  but  not  by  Gram's  meth(>i. 

Biological  Characters.-^ A.n  aerobic  smd  facultative  anaerobic,  non-liqtte- 
fying,  non-Tyiofite  bacillus.  Spore  formation  not  observed.  Grows  slowly  in 
the  usual  culture  media  at  the  room  temperature— more  rapidljr  at  87'  O. 

In  gelatin  plates  small,  shining,  moist,  white,  circular  colonies  are  devel- 
oped, which  look  like  little  drops  of  wax;  later  these  increase  in  size,  and 
especially  in  thickness,  forming  hemispherical  masses.  In  gelatin  stick  cul- 
tures grayish,  punctiform  colonies  are  developed  along  the  line  of  puncture, 
and  upon  the  surface  a  circular,  prominent,  wnitish  plaque.  Streak  cultures 
upon  the  surface  of  gelatin  are  in  the  form  of  a  dirty- white  or  grayish- white, 
moist  streak,  with  regular  margins,  limited  to  the  line  of  inoculation,  but 
increasing  in  thickness  until  it  breaks  loose  and  slips  down  the  oblique  sur- 
face of  the  culture  medium.  The  deposit  which  collects  i  n  this  way  acquires, 
as  it  becomes  old,  in  the  deepest  portion  a  reddish  color.  Upon  a>gar  it  forms 
a  thick,  yellowish- white,  mucus-like  layer  with  straight  or  slightlv  dentate 
margins.  In  bouillon  it  produces  a  decided  clouding  of  the  liquid,  and  an 
abundant  grayish,  pulverulent  sediment  accumulates  at  the  bottom  of  the 
tube ;  the  bouillon  after  a  time  becomes  transparent  above  this  sediment  and 
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is  viscid,  drawing  out  into  tlireads.  In  the  absence  of  oxygen  the  characters 
of  growth  are  the  same  as  in  its  presence.  The  cultures  acquire  an  alkaline 
reaction ;  they  are  sterilized  by  exposure  for  ten  minutes  to  a  temperature  of 
60°  C.    Does  not  grow  upon  potato. 

Pathogenesis, — ^Pathogenic  for  chickens  and  turkeys.  Not  pathogenic  for 
pigeons,  s^uinea-pi^,  or  rabbits  when  injected  subcutaneously  or  into  the 
peritoneal  cavity,  out  kills  rabbits  when  injected  into  a  vein.  In  the  in- 
fected fowls  the  bacilli  are  found  in  small  numbers  in  the  blood,  more  nu- 
merous in  the  kidneys  and  liver,  still  more  numerous  in  the  spleen,  and  in 
enormous  numbers  in  the  intestinal  mucus,  where  in  acute  cases  it  is  found 
almost  in  a  pure  culture.  Fowls  do  not  contract  the  disease  as  a  result  of 
the  ingestion  of  grains  soiled  with  cultures  of  the  bacillus,  but  become  in- 
fected when  fed  with  animal  food  to  which  a  pure  culture  has  been  added. 

88.  CAPSULE  BACILLUS  OP  LOBB. 

Obtained  from  a  case  of  keratomalacia  infantum  by  inoculating  culture 
media  with  a  little  of  the  softened  exudate  in  the  cornea. 

Morpholoay, — ^Resembles  Bacillus  capsulatus  of  Pfeiffer,  but  this  is  said 
to  be  somewhat  larger  and  thicker.  In  the  blood  of  mice,  however,  both 
bacilli  vary  considerably  in  size,  and  according  to  Loeb  it  was  not  possible 
to  determine  with  certainty  that  one  bacillus  was,  on  the  average,  larger 
than  the  other. 

In  staining  reactions,  also,  no  difference  was  observed — both  bacilli  stain 
with  the  ususQ  aniline  colors,  and  under  certain  circumstances  the  centre  of 
the  rods  is  less  deeply  stained  than  the  extremities. 

Biological  Charcu:ter8."-Ancierotnc  Bind /(iciUtativeanairdbic,  non-lique- 
fying, non-motile  bacillus.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  In  its  growth  in  culture  media  it  closely  resembles  Bacillus 
capsulatus  of  Pfeiffer  (No.  80). 

Pathogenesis. — Pathogenic  for  mice  and  for  guinea-pigs,  but  not  for  rab- 
bits and  pigeons ;  Pfeiffers  bacillus  is  pathogenic  for  these  animals. 


PLATE  VII. 

BACILLUS  OF  GLANDERS. 

FiQ.  1. — ^Bacillus  mallei  from  the  liver  of  a  field  mouse,  cover-glass  pre- 
paration.    (Loffler.) 

Fio.  2. — Bacillus  mallei  from  a  recent  culture  upon  blood  serum-    (Lof- 
fler.) 

Fig.  3. — Bacillus  mallei    in  section  of  spleeii  of  a  field  mouse  dead  from 
glanders.     (Loffler.) 

Fig.  4. — Culture  of  glanders  bacillus  upon  cooked  potato.     (Loffler.) 
37 
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XIII. 

PATHOGENIC  AEROBIC  BACILLI    NOT  DESCRIBED  IX 
PREVIOUS  SECTIONS. 

A  CONSIDERABLE  number  of  saprophytic  bacilli  are  pathc^enic  for 
small  animals  when  injected  into  the  circulation,  or  subcutaneously, 
or  into  a  serous  cavity  in  considerable  quantity — one  to  five  cubic 
centimetres  or  more — ^but  fail  to  produce  any  appreciable  effect 
when  introduced  into  the  bodies  of  these  animals  in  minute  doses, 
and  do  not  multiply  in  the  blood  to  any  considerable  extent,  al- 
though in  fatal  cases  they  may  usually  be  recovered  in  cultures  from 
the  blood  and  tissues.  These  bacilli  are  pathogenic  by  reason  of  the 
toxic  ptomaines  produced  by  them,  or  because  of  local  inflammatory 
processes  which  they  induce,  or  for  both  of  these  reasons  combined. 
Some  of  them  may  also,  under  certain  circumstances,  multiply  in 
the  blood  and  thus  g^ve  rise  to  septicaemia  as  well  as  to  toxaemia ; 
this  is  the  case,  for  example,  with  the  "  colon  bacillus  '*  of  Escher- 
ich.  When  injected  in  considerable  quantity  into  the  circulation 
of  a  guinea-pig  it  causes  the  death  of  the  animal  within  twenty-four 
hours,  and  the  bacillus  is  found  in  the  blood  in  great  numbers  ;  but 
minute  amounts  injected  into  a  vein,  or  larger  amounts  injected 
subcutaneously,  do  not  usually  produce  general  infection.  It  is, 
therefore,  not  included  among  the  "bacilli  which  produce  septi- 
caemia in  susceptible  animals."  There  is  reason  to  believe,  however, 
that  under  certain  circumstances  this  bacillus  may  have  suflScient 
pathogenic  potency  to  produce  a  genuine  septicaemia  in  gfuinea-pigs. 
Thus  the  original  cultures  of  Brieger's  bacillus,  which  appears  to  be 
a  variety  of  the  colon  bacillus,  are  reported  to  have  produced  fatal 
septicaemia  in  guinea-pigs  when  injected  subcutaneously  in  small 
amounts.  A  strict  division  into  pathogenic  bacilli  which  produce 
general  blood  infection — septicaemia — and  those  which  produce  a 
fatal  result  owing  to  the  production  of  toxic  chemical  substances  is 
not  possible;  for  many  pathogenic  bacteria  produce  general  infection 
when  injected  in  comparatively  large  doses,  and  at  the  same  time 
give  rise  to  symptoms  of  toxaemia  ;  or  general  infection  may  occur 
in  animals  of  one  species,  and  fatal  toxaemia  without  septicaemia  in 
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those  of  another  species.  Many  of  the  bacilli  described  in  the  pre- 
sent section  are  common  saprophytes,  which  have  been  shown  by 
laboratory  experiments  to  be  pathogenic  for  certain  ftnimftla  when 
introduced  into  their  bodies  in  a  certain  amotmt,  which  differs  greatly 
for  different  beu^teria  and  for  different  species  of  nm'mRlft.  The  ex- 
periments of  Cheyne  and  others  show  how  largely  the  pathogenic 
power  of  saprophyiic  bacteria  depends  upon  the  quantity  of  a  cul- 
ture which  is  injected,  as  well  as  upon  the  age  of  the  culture  and 
the  seat  of  the  inoculation — ^in  the  blood,  the  abdominal  cavity,  the 
subcutaneous  tissues,  or  the  muscles.  And  the  bacteriologist  named 
has  also  shown  that  pathogenic  power  depends,  in  some  instances  at 
least,  upon  the  combined  action  of  the  toxic  substances  introduced 
in  the  first  instance  and  of  the  living  bacteria.  Thus  Cheyne  found 
that  one-tenth  of  a  cubic  centimetre  of  a  bouillon  culture  of  Proteus 
vulgaris  injected  into  the  dorsal  muscles  of  a  rabbit  infallibly  caused 
its  death  within  forty-eight  hours,  but  when  the  dose  was  reduced 
to  one-fortieth  cubic  centimetre  the  animal  recovered.  But  if  to 
this  amount  (one-fortieth  cubic  centimetre)  he  added  one  cubic  cen- 
timetre of  a  sterilized  (by  heat)  culture  of  the  same  bacillus  instead 
of  diluting  with  distilled  water,  and  injected  the  mixture  into  the 
dorsal  muscles  of  a  rabbit,  death  occurred  in  every  experiment 
within  forty-eight  hours.  The  sterilized  culture  injected  by  itself 
produced  no  effect  in  this  dose  (one  cubic  centimetre),  and  Cheyne 
believes  that  the  fatal  result  in  these  experiments  was  due  to  the 
fact  that  the  toxic  products  present  in  the  sterilized  culture  over- 
came the  natural  resisting  powers  of  the  tissues  and  enabled  the 
bacillus  to  multiply  over  a  larger  area  than  would  otherwise  have 
been  the  case.  As  a  result  of  this,  toxic  substances  were  produced  in 
the  body  of  the  animal  in  sufficient  quantity  to  cause  general  toxae- 
mia and  death  ;  whereas  the  bacilli  alone,  in  the  dose  mentioned, 
were  not  able  to  invade  the  tissues  in  the  vicinity  of  the  point  of 
inoculation,  and  gave  rise  to  a  local  abscess  only.  The  same  ex- 
planation is  probably  true  for  very  many  of  the  saprophytic  bacteria 
which  have  been  shown  to  possess  pathogenic  power  ;  and  it  is  prob- 
able that  many  of  those  which  are  now  classed  by  bacteriologists  as 
non-pathogenic  would  prove  to  be  pathogenic  in  the  same  way  if 
thoroughly  tested  upon  various  species  of  animals,  although  it  might 
be  necessary  to  use  unusually  large  doses  to  accomplish  the  same 
result. 

89.    BACILLUS  COLI  COMMUNIS. 

Synonyms. — Bacterium  coli  commune  (Escherich) ;  Colon  bacillus 
ofEscherich;  Emmerich's  bacillus  (Bacillus  Neapolitanus).  Prob- 
ably iidentical  with  Bacillus  cavicida  (Brieger*s  bacillus). 
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Obtained  by  Emmerich  (1885)  from  the  blood,  various  organs,  and 
the  alvine  discharges  of  cholera  patients  at  Naples;  by  Weisser 
(1886)  from  normal  and  abnormal  hmnan  faeces,  from  the  air,  and 
from  putrefying  infusions ;  by  Escherich  (1886)  from  the  faeces  of 
healthy  children ;  since  shown  to  be  constantly  present  in  the  alvine 
discharges  of  healthy  men,  and  probably  of  many  of  the  lower  ani- 
mals. Found  by  the  writer'in  the  blood  and  various  organs  of  yellow- 
fever  cadavers,  in  Havana  (1888  and  1889). 

Numerous  varieties  have  been  cultivated  by  different  bacteriolo- 
gists, which  vary  in  pathogenic  power  and  to  some  extent  in  their 
growth  in  various  culture  media ;  but  the  differences  described  are 
not  suflSciently  characteristic  or  constant  to  justify  us  in  considering 
them  as  distinct  species. 

Morphology, — Differs  considerably  in  its  morphology  as  obtained 
from  different  sources  and  in  various  culture  media.     The  typical 
form  is  that  of  short  rods  with  rounded  ends,  from  two  to  three  //  in 
length  and  0.4  to  0.6  /i  broad ;  but  under  certain  cir- 
cumstances the  length  does  not  exceed  the  breadth — 
about  0.5  /« — ^and  it  might  be  mistaken  for  a  micrococ- 
cus ;  again  the  prevailing  form  in  a  culture  is  a  short 
oval ;  filaments  of  five  jjl  or  more  in  length  are  often 
Fio.  U6.-Ba-  observed  in  cultures,  associated  with  short  rods  or  oval 
mul^Jg.  *^x  im,  cqWs^^     The  bacilli  are  frequently  united  in  pairs.     The 
(Escbeiicbo         presence  of  spores  has  not  been  demonstrated.     In  un- 
favorable culture  media  the  bacilli,  in  stained  prepara- 
tions, may  present  unstained  places,  which  are  supposed  by  Escherich 
to  be  due  to  degenerative  changes  in  the  protoplasm.    Under  certain 
circumstances  some  of  the  rods  in  a  pure  culture  have  been  observed 
by  Escherich  to  present  spherical,  unstained  portions  at  one  or  both 
extremities,  which  closely  resemble  spores,but  which  he  was  not  able 
to  stain  by  the  methods  usually  employed  for  staining  spores,  and 
which  he  is  inclined  to  regard  as  *'  involution  forms." 

This  bacillus  stains  readily  with  the  aniUne  colors  usually  em- 
ployed by  bacteriologists,  but  quickly  parts  with  its  color  when 
treated  with  iodine  solution — Qram*s  method— or  with  diluted  al- 
cohol. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic^ 
non-liquefying  bacillus.  Sometimes  exhibits  independent  move- 
ments, which  are  not  very  active.  One  rod  of  a  pair,  in  a  hanging- 
drop  culture,  may  advance  slowly  with  a  to-and-fro  movement, 
while  the  otiier  follows  as  if  attached  to  it  by  an  invisible  band 
(Escherich).  The  writer's  personal  observations  lead  him  to  believe 
that,  as  a  rule,  this  bacillus  does  not  exhibit  independent  movements. 
Does  not  form  spores.     Grows  in  various  culture  media  at  the  room 
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temperature — more  rapidly  in  the  incubating  oven.     Grows  in  a  de- 
cidedly acid  medium. 

In  gelatin  plates  colomes  are  developed  in  from  twenty-four  to 
forty-eight  hours,  which  vary  considerably  in  their  appearance  ac- 
cording to  their  age,  and  in  different  cultures  in  the  same  medium. 
The  deep  colonies  are  usually  spherical  and  at  first  are  transparent, 
homogeneous,  and  of  a  pale-straw  or  amber,  color  by  transmitted 
light ;  later  they  frequently  have  a  dark-brown,  opaque  central  por- 
tion surrounded  by  a  more  transparent  peripheral  zone ;  or  they  may 
be  coarsely  granular  and  opaque ;  sometimes  they  have  a  long-oval 
or  '*  whetstone  "  form.  The  superficial  colonies  differ  still  more  in 
appearance ;  very  young  colonies  by  transmitted  light  often  resemble 
little  drops  of  water  or  fragments  of  broken  glass  ;  when  they  have 
sufficient  space  for  their  development  they  quickly  increase  in  sizo, 
and  may  attain  a  diameter  of  three  to  four  centimetres  ;  the  central 
portion  is  thickest,  and  is  often  marked  by  a  spherical  nucleus  of  a 
dark-brown  color  when  the  colony  has  started  below  the  surface  of 
the  gelatin ;  the  margins  are  thin  and  transparent,  the  thickness 
gradually  increasing  towards  the  centre,  as  does  also  the  color,  which 
by  transmitted  light  varies  from  light  straw  color  or  amber  to  a  dark 
brown.  The  outlines  of  superficial  colonies  are  more  or  less  irregular, 
and  the  surface  may  be  marked  by  ridges,  fissures,  or  concentric 
rings,  or  may  be  granular.  The  writer  has  observed  colonies  re- 
sembling a  rosette,  or  a  daisy  with  expanded  petals.  Escherich 
speaks  of  colonies  which  present  star-shaped  figures  surroimded  by 
concentric  rings. 

In  gelatin  stick  cultures  the  growth  upon  the  surface  is  rather 
dry,  and  may  be  quite  thin,  extending  over  the  entire  surface  of  the 
gelatin,  or  it  may  be  thicker  with  irregular,  leaf -like  outlines  and 
^vrith  superficial  incrustations  or  concentric  annular  markings.  An 
abundant  development  occurs  all  along  the  line  of  puncture,  which 
in  the  deeper  portion  of  the  gelatin  is  made  up  of  more  or  less  closely 
crowded  colonies  ;  these  are  white  by  reflected  light,  and  of  an  am- 
ber or  light-brown  color  by  transmitted  light ;  later  they  may  become 
granular  and  opaque.  Frequently  a  diffused  cloudy  appearance  is 
observed  near  the  surface  of  the  gelatin,  and  under  certain  circum- 
stances branching,  moss-like  tufts  develop  at  intervals  along  the  hne 
of  growth.  One  or  more  gas  bubbles  may  often  be  seen  in  recent 
stick  cultures  in  gelatin. 

Upon  nutrient  agar  and  blood  serum,  in  the  incubating  oven,  an 
abundant,  soft,  white  layer  is  quickly  developed.  Upon  potato  an 
abundant,  soft,  shining  layer  of  a  brownish-yellow  color  is  developed. 
The  growth  upon  potato  differs  considerably,  according  to  the  age  of 
the  potato.     According  to  Escherich,  upon  old  potatoes  there  may 
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be  no  growth,  or  it  may  be  scanty  and  of  a  white  color.  In  milk,  at 
S?""  C,  an  acid  reaction  and  coagulation  of  the  casein  are  produced  at 
the  end  of  eight  or  ten  days.  In  the  absence  of  oxygen  this  bacillus 
is  able  to  grow  in  solutions  containing  grape  sugar  (Escherich).  In 
bouillon  it  grows  rapidly,  producing  a  milky  opacity  of  the  culture 
liquii  The  thermal  death-point  of  Emmerich^s  bacillus,  and  of  the 
colon  bacillus  from  fsBces,  was  found  by  Weisser  to  be  60"*  C,  the 
time  of  exposure  being  ten  minutes.  The  writer  has  obtained  corre- 
sponding results.  Weisser  found  that  when  the  bacilli  from  a  bouil- 
lon culture  were  dried  upon  thin  glass  covers  they  failed  to  grow 


Fio.  147.  Fio.  148. 

Fxa.  147.— Bacillus  coll  commmiis  in  nutrient  gelatin  containing  twentj  percent  of  gelatin,  end 
of  two  weeks,  showing  moss-like  tufts  along  the  line  of  growth.    (Sternberg.) 

Fio.  148— ▲  portion  of  the  growth  shown  in  Fig  147,  at  a,  magnified  about  idx diameters. 
From  a  photograph.    (Sternberg.) 

after  twenty-four  hours.     These  results  give  confirmation  to    the 
view  that  the  bacillus  under  consideration  does  not  form  spores. 

Pathogenesis. — Comparatively  small  amounts  of  a  pure  culture 
of  the  colon  bacillus  injected  into  the  circulation  of  a  guinea-pig 
usually  cause  the  death  of  the  animal  in  from  one  to  three  days,  and 
the  bacillus  is  found  in  considerable  numbers  in  its  blood.  But  when 
injected  subcutaneously  or  into  the  peritoneal  cavity  of  rabbits  or 
guinea-pigs,  a  fatal  termination  depends  largely  on  the  quantity  in- 
jected ;  and  although  the  bacillus  may  be  obtained  in  cultures  from 
the  blood  and  the  parenchyma  of  the  various  organs,  it  is  not  present 
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in  large  numbers,  and  death  appears  to  be  due  to  toxaemia  rather  than 
to  septicaemia.  Mice  are  not  susceptible  to  infection  by  subcutaneous 
injections.  Small  quantities  injected  beneath  the  skin  of  guinea-pigs 
usually  produce  a  local  abscess  only  ;  larger  amounts — ^two  to  five 
cubic  centimetres — ^frequently  produce  a  fatal  result,  with  symptoms 
and  pathological  appearances  corresponding  with  those  resulting 
from  intravenous  injection.  These  are  fever,  developed  soon  after 
the  injection,  diarrhoBa,  and  symptoms  of  collapse  appearing  shortly 
before  death.  At  the  autopsy  the  liver  and  spleen  appeal  normal,  or 
nearly  so;  the  kidneys  are  congested  and  may  present  scattered 
punctiform  ecchymoses  (Weisser).  According  to  Escherich,  the 
spleen  is  often  somewhat  enlarged.  The  small  intestine  is  hyper- 
asmic,  especially  in  its  upper  portion,  and  the  peritoneal  layer  pre- 
sents a  rosy  color ;  the  mucous  membrane  gives  evidence  of  more 
or  less  intense  catarrhal  inflammation,  and  contains  mucus,  often 
slightly  mixed  with  blood.  In  rabbits  death  occurs  at  a  somewhat 
later  date,  and  diarrhcea  is  a  common  symptom.  In  dogs  the  subcu- 
taneous injection  of  a  considerable  quantity  of  a  pure  culture  may 
give  rise  to  an  extensive  local  abscess. 

Varieties. — Booker,  in  his  extended  studies  relating  to  the  bac- 
teria present  in  the  faeces  of  infants  suffering  from  summer  diarrhoea, 
has  isolated  seven  varieties  "  which  closely  resemble  Bacterium  coli 
commune  in  morphology  and  growth  in  agar,  neutral  gelatin,  and 
potato,  but  by  means  of  other  tests  a  distinction  can  be  made  between 
them.'*    These  are  described  as  follows  : 

BACILLUS  d  OF  BOOKER. 

**  Found  in  two  cases  of  cholera  infantum  and  the  predominating  form  in 
one  serious  case  of  catarrhal  enteritis. 

**  Morphology.— Bjesemhlea  Bacterium  coli  commune. 

**  Oroioth  in  Colonies. — Gelatin :  Colonies  grow  luxuriantly  in  gelatin,  and 
thrive  in  acid  and  sugar  gelatin  equally  as  well  as  in  neutral  gelatin.  In 
the  latter  the  colonies  closely  resemble,  but  are  not  identical  with,  the  Bac- 
terium coli  commune.  In  acid  gelatin  they  differ  very  much  from  Bacterium 
coli  commune.  The  colonies  spread  extensively  and  are  bluish- white  with 
concentric  rings.  Slightly  ma&pified,  they  have  a  large,  uniform,  yellow 
central  zone  surrounded  by  a  border  composed  of  perpendicular  tnreads 
placed  thickly  together.  Sometimes  a  series  of  these  nngs  appear  with  inter- 
vening yellow  rings. 

'*Agar:  The  colonies  are  round,  spread  out,  and  blue  or  bluish- white. 
Slightly  magnified,  they  have  a  pale-yellow  color. 

^'  Stab  Cultures. — Gelatin:  In  sugar  gelatin  the  surface  growth  has  a 
nearly  colorlesd  centre  surrounded  by  a  thick  border  with  an  outer  edge  of 
fine,  hair-like  fringe :  the  growth  along  the  line  of  inoculation  is  fine  and  deli- 
cate. In  neutral  gelatin  the  growth  is  not  so  luxuriant  as  on  su^r  gelatin ; 
on  the  surface  it  is  thick  and  white,  with  a  delicate  stalk  in  the  depth. 

**Agar:  Thick  white  surface  growth  with  a  well-developed  stalk  in  the 
depth. 

**  Potato:  Luxuriant  yellow,  glistening,  moist,  and  slightly  raised  sur- 
face, with  well-defined  l>orders. 
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**  Action  on  Milk, — Coagulated  into  a  gelatinous  coagulum  in  twenty-four 
hours  at  38  "^  C,  and  into  a  solid  clot  in  two  days. 

**  Milk  Litmus  Reaction. — Milk  colored  blue  with  litmus  is  changed  to 
light  pink  in  twenty-four  hours  at  38"  C.  The  pink  color  gradually  fades, 
and  by  the  second  or  third  day  is  white  or  cream  color  with  a  thin  layei'of 
pink  on  top.  The  pink  color  extends  in  a  few  days  about  one-half  down  the 
clot. 

**  Temperature, — Qrows  best  about  38°  C. 

**  Spores  have  not  been  observed. 

**  Gas  Production, — Gas  bubbles  are  produced  in  milk ;  not  observed  on 
potato." 

BACILLUS  e  OF  BOOKER. 

**  Found  as  the  predominating  form  in  two  cases  of  dysentery  one  of 
which  was  fatal  and  the  other  a  mild  case. 

**  Morphology. — Resembles  Bacterium  coli  commune. 

**  Growth  in  CoZanie«.— Gelatin  :  The  colony  growth  varies  considerably 
with  slight  difference  in  the  gelatin.  In  ten-per-cent  neural  gelatin  the  colo- 
nies resemble  those  of  Bacterium  coli  commune.  On  the  second  or  third 
day,  when  the  colonies  have  just  broken  through  the  surface  and  are  spread 
out,  it  is  impossible  to  distinguish  one  varietv  from  the  other,  but  as  the 
colonies  grow  older  a  difference  can  generally  be  recognized.  In  sugar  and 
acid  ^latin  the  colonies  have  a  clear  centre  with  white  border;  slightly 
magnified,  a  uniform  brown  centre  surrounded  by  a  brown  zone  composed 
of  rnie,  needle-like  rays  perpendicular  to  the  border.  After  cultivating  for  a 
few  generations  on  acid  and  sugar  gelatin  the  colonies  cease  to  develop,  and 
either  grow  in  very  small  colonies  or  do  not  grow  at  all.  The  activity  is  re- 
gained if  cultivated  on  neutral  gelatin. 

' '  Agar :  Colonies  are  large,  round,  and  have  a  mother- of-peari  appearance. 
Slightlv  magnified,  a  uniform  yellow  color. 

**  stab  Cultures. — ^Agar:  Luxuriant,  nearly  colorless  surface  growth,  with 
well-developed  stalk  along  the  line  of  inoculation  in  the  depth. 

*"  Potato:  Gk)lden-yellow,  glistening,  slightly  raised  surface  with  well-de- 
fined borders. 

'  *  Action  on  Milk, — Milk  becomes  gelatinous  in  twenty-four  hours  at  38  C. , 
and  in  a  few  days  a  solid  coagulum  is  formed.  Milk  colored  blue  with  lit- 
mus is  reduced  to  white  or  cream  color  in  twenty-four  to  forty-ei^ht  hours 
at  38'  C,  with  a  thin  layer  of  pink  at  the  top  of  the  culture.  The  pmk  color 
gradually  extends  lower  in  the  coagulum. 

'"  Teinperaturc-^ThriYes  best  at  about  38"  C. 

**  Spores  have  not  been  observed. 

**  Gas  Production.— Occurs  in  milk,  but  not  seen  in  potato  cultures. 

"  Relation  to  Gelatin,— ^Does  not  liquefy  gelatin. 

**  i^eTnftZance.— Resembles  Bacterium  coli  commune  and  bacillus  d  ;  dif- 
fering from  the  former  in  the  character  of  the  colony  growth  on  acid  and 
sugar  gelatin,  and  in  ceasing  to  develop  in  these  media  after  several  genera- 
tions.    It  differs  from  bacillus  d  in  this  latter  respect." 

BACILLUS  /  OP  BOOKER. 

*'  Found  in  one  case  of  cholera  infantum  and  one  case  of  catarrhal  ente- 
ritis. 

'*  Aforp^^ogj^.  ^Resembles  Bacterium  coli  commune. 

"  Growth  in  Colonies. — Gtelatin:  It  is  difficult  to  distinguish  the  colony 
growth  from  the  Bacterium  coli  commune.  There  is  often  a  difference  in  the 
colonies  planted  at  the  same  time  and  kept  under  similar  conditions,  but  it 
is  not  very  marked  nor  always  the  same  kind  of  difference.  The  tendency 
to  concentric  rings  is  greater  in  this  variety.  The  colonies  develop  some- 
what better  on  neutral  and  sugar  gelatin  than  on  acid  gelatin. 
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*'  Afar :  The  colonies  are  large,  round,  and  bluish  white.  Slightly  magni- 
fied, a  Tight-yellow  color. 

**  StcSf  Cultures. — Grelatin :  The  culture  is  spread  over  the  surface  and  has 
sk.  mist-like  appearance;  in  the  depth  along  tlie  line  of  inoculation  is  a  deli- 
cate stalk. 

'*Agar!  Thick,  luxuriant,  white  surface  growth,  with  a  well -developed 
stalk  along  the  line  of  inoculation  in  the  depth. 

**  Potato:  Bright-yellow,  glistening,  moist  surface  with  well-defined  bor- 
ders, and  but  sli^tly  raised  above  the  surrounding  potato. 

''  Action  on  Milk  and  Litmus  Beaction. — Milk  is  coagulated  into  a  solid 
clot  in  twenty-four  hours  at  38^  O.  Milk  colored  blue  with  litmus  is  changed 
to  pink  in  twenty-four  hours  at  38°  C,  and  in  forty-eight  hours  is  reduced  to 
white  or  cream  color  with  a  thin  pink  layer  on  top. 

''  Gas  Production, — Gas  bubbles  arise  in  milk  cultures,  but  they  have  not 
l)een  observed  on  potato  cultures. 

**  Temperature. — Grows  better  at  38"  C. 

**  Spores  have  not  been  observed. 

•*  JRelation  to  Gelatin.—Does  not  liquefy  gelatin. 

*'  Resemblance. — It  closely  resembles  Bacterium  coli  commune  and  Brie- 

fer's  bacillus  in  the  character  of  its  growth  upon  different  media,  but  is  readily 
istinguished  from  both,  as  is  also  Brieger's  bacillus  from  the  Bacterium  coli 
commune,  by  the  following  differentiS  test  recently  made  known  by  Dr. 
Mall.  Yellow  elastic  tissue  from  the  ligamentum  nuchae  of  an  ox  is  cut  into 
fine  bits  and  placed  in  test  tubes  containing  water  with  ten-per-cent  bouillon 
and  one-per-cent  sugar,  and  sterilized  from  one  and  one-half  to  two 
hours  at  a  time  for  three  consecutive  days.  Into  this  is  inoculated  two 
species  of  bacteria,  one  of  which  is  the  bacterium  under  observation, 
the  other  a  bacillus  found  in  garden  earth.  The  latter  bacillus  is  anaerobic, 
grows  in  hydrogen,  nitrogen,  and  ordinary  illuminating  gas,  in  the  bottom 
of  bouillon,  in  tne  depth  out  not  on  the  surface  of  agar  stab  cultures,  and 
not  at  all  in  gelatin  stab  cultures.  It  has  a  spore  in  one  end  making  a  knob 
ba<;illus.  Different  species  of  bacteria — Streptococcus  Indicus,  tetragenus, 
cholera,  swine  plague.  Bacterium  lactis  aerogenes,  Bacterium  coli  commune, 
Brieger's  bacillus,  and  a  number  of  varieties  of  bacteria  which  I  have  iso- 
lated from  the  faeces — were  inoculated  with  the  head  bacillus  into  the  above- 
desci-ibed  elastic- tissue  tubes.  The  tubes  inoculated  with  Brieger^s  bacillus 
developed  a  beautiful  purple  tint,  which  started  as  a  narrow  ring  at  the  top 
of  the  culture,  gradually  extending  downward  and  deepening  in  color  untu 
the  whole  tube  had  a  dark-purple  color.  This  color  reaction  began  in  five  to 
fourteen  days,  and  was  constantly  present  in  a  large  number  of  tests.  Tubes 
inoculated  with  bacillus  /  gave  a  much  fainter  purple  color,  which  was 
longer  in  appearing  and  never  became  so  dark  as  with  Brieger's  bacillus. 

* 'Tubes  inoculated  with  the  other  species  of  bacteria  above  mentioned  gave 
no  color  change  and  remained  similar  to  control.  Bacillus  /  also  shows  a 
slight  difference  from  Bacterium  coli  commune  in  coagulating  milk  and  re- 
ducing litmus  more  rapidly,  and  appears  toproduce  more  active  fermentation 
in  milk.  Like  Brieger^s  bacillus,  tne  gelatin  colonies  more  frequently  show 
a  concentric  arrangement  than  those  of  the  Bacterium  coli  commune." 

BACILLUS  g  OF  BOOKER. 

' '  Found  in  one  case  of  serious  gastro-enteric  catarrh.  It  was  not  in  large 
quantity. 

**  Morphology  and  Biological  Chantcters. — In  morphology,  character  of 
growth  on  agar,  gelatin,  and  potato,  it  resembles  Bacterium  coli  commune. 

*'  Action  on  Milk  and  Litmus  Reaction. — Milk  is  not  coagulated,  and  milk 
colored  blue  with  litmus  is  changed  to  pink  in  a  few  days,  and  holds  this 
color.  These  characteristics  distinguish  it  from  the  Bacterium  coli  com- 
mune. 

'•  CkLS  Production. — Not  observed  in  milk  or  potato  cultures. 

*'  Relation  to  Gelatin. — Does  not  liquefy  gelatin." 
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BACILLUS  h  OF  BOOKER. 

''Pound  in  one  case  of  mild  dysentery,  not  in  large  quantity. 

**  Morphology  .—B,esemhles  Bacterium  coli  commune. 

"  Growth  in  Colonies.— Gelatin:  In  plain  neutral  gelatin  the  colonies  re- 
semble those  of  Bacterium  coli  commune.  In  sugar  selatin  the  colonies  are 
white  and  spread  exten'^ivelv.  Slightly  magnified,  tney  have  a  round,  dark 
centre  surrounded  by  a  yellow,  loose  zone  with  an  outer  white  rim  ;  later 
the  whole  colony  has  a  uniform  yellow  color  and  is  not  compact. 

**  Agar  :  Colonies  are  white,  round,  and  large.  Slightly  magnified,  they 
are  brownish-yellow. 

*'  Stab  CtUturea. — Nothing  characteristic  in  gelatin  and  agar. 

"  Potato  culture  is  yellow,  dry,  and  slightly  raised,  with  well-defined  bor- 
ders. 

'*  Action  on  Milk  and  Litmus  Reaction, — Milk  is  coagulated  into  a  solid 
clot  in  two  days  at  38"  C.  Milk  colored  blue  with  litmus  is  changed  to  pink 
in  twenty-four  hours. 

"  Oas  Production, — Occurs  in  milk;  not  obBer^ed  on  potato. 

**  Relation  to  Gelatin.— Does  not  liquefy  gelatin.^' 

BACILLUS  k  OF  BOOKER, 

*'  Found  in  two  cases  of  cholera  infantum  and  one  of  catarrhal  enteritis. 

**  Morphology, — Resembles  Bacterium  coli  commune. 

"  Growth  in  Colonies. — Gklatin:  In  neutnJ  gelatin  the  colonies  cannot  be 
distin^ished  from  those  of  Bacterium  coli  conunune.  In  acid  gelatin  the 
colonies  do  not  spread  so  extensively  as  those  of  Bacterium  coli  commune, 
and  they  have  a  decided  concentric  arrangement,  a  wide  white  centre  sur- 
rounded by  a  narrow,  transparent  blue  ring,  and  outside  of  this  a  white  bor- 
der. Slightly  magnified,  tne  colonies  have  an  irregular,  yellowish-brown 
centre  mottled  over  with  dark  spots  and  surrounded  oy  a  light-yellow  ring 
bordered  by  a  brownish-yellow  wreath. 

' '  Afar :  Colonies  are  large,roiuid,  and  bluish-white.  Slightly  magnified, 
a  light  brownish-yellow  color. 

*'  Stab  Cultures, — Gelatin :  In  sugar  gelatin  the  surface j^rowth  is  exten- 
sive, nearly  colorless,  and  has  a  rough,  misty  appearance.  In  the  depth  ir  a 
delicate  growth.  In  plain  neutral  gelatin  the  surface  growth  is  bluish-white, 
thick,  and  not  so  extensively  spread ;  the  growth  in  the  depth  is  also  thicker. 

''  Potato  culture  is  moist,  dirty-cream  color,  has  raised  surface  and  defined 
border. 

**  Action  on  MZfc.— Milk  becomes  gelatinous  in  twenty- four  hours  at  38' 
C,  and  a  solid  clot  in  two  days.  Milk  colored  blue  with  litmus  is  changed  to 
pink  in  twenty- four  hours,  and  reduced  to  white  with  a  pink  layer  on  top  in 
two  days," 

BACILLUS  n  OF  BOOKER. 

*'  Found  in  large  quantity,  but  not  the  predominating  form,  in  one  case 
of  chronic  gastroenteric  catarrh— extremely  emaciated. 

'*  Morphology. --B/eaembles  Bacterium  coli  commune. 

'*  Growth  in  Colonies, — Gelatin :  In  neutral  gelatin  the  coloni^are  spread 
out  and  have  a  frosty  or  ground-glass  appearance.  The  centre  is  blue  and 
border  white,  but  both  have  the  ground-glass  appearance.  Slightly  magni- 
fied, the  central  part  is  light  yellow  and  the  border  brown  with  a  rough,  fur- 
rowed surface.  In  acid  gelatin  the  white  border  is  wider  and  the  surface  is 
rougher. 

*  •  Agar :  Colonies  are  round,  blue,  or  bluish-white,  and  spread  out.  Under 
the  microscope  they  have  a  light-yellow  color. 

'"Stab  Ctutures, — Gelatin:  Has  a  rough,  nearly  colorless  surface  growth, 
and  a  thick  stalk  in  the  depth  along  the  line  of  inoculation. 

* '  Agar :  Thick  white  surface  growth  wi  th  well-developed  stalk  in  the  depth. 
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''  Action  on  MiUe  and  Litmus  Beaction. — Milk  remains  liquid,  and  milk 
colored  blue  with  litmus  is  changed  to  pink. 

''  Oaa  Production, — ^Not  observed  in  milk  or  pK>tato  cultures. 
"  Relation  to  Gelatin, — ^Does  not  liquefy  gelatin. 
*'  Spores  have  not  been  noticed.'^ 

Bacillus  Coll  Communis  in  Peritonitis, — The  researches  of  A. 
Frankel  show  that  Bacillus  coli  communis  may  be  obtained  in  pure 
cultures  from  the  exudate  into  the  peritoneal  cavity  in  a  considerable 
proportion  of  the  cases  of  peritonitis,  and  there  is  good  reason  for 
believing  that  in  these  cases  it  was  the  cause  of  the  inflammatory 
process.  Thirty-one  cases  were  examined  by  Frankel,  with  the  fol- 
lowing result:  Pure  cultures  of  Bacillus  coli  communis  were  obtained 
in  nine  cases ;  of  Streptococcus  (pyogenes  ?)  in  seven ;  of  Bacillus 
lactis  aerogenes  in  two;  of  "diplococcus  pneumoniae 'Mn  one;  of 
Staphylococcus  pyogenes  aureus  in  one.  Of  the  remaining  eleven 
cases,  seven  gave  mixed  cultures,  and  in  three  of  these  Bacillus  coli 
conmiunis  was  the  most  abundant  species.  The  author  referred  to 
has  also  shown  that  pure  cultures  of  Bacillus  coli  communis  injected 
into  the  cavity  of  the  abdomen  of  rabbits  cause  a  typical  peritonitis. 
The  present  writer  has  frequently  obtained  the  same  result  in  experi- 
ments made  with  this  bacillus.  It  would  appear,  therefore,  that  the 
peritonitis  which  so  constantly  results  from  wounds  of  the  intestine 
is  probably  due,  to  a  considerable  extent,  to  the  introduction  of  this 
microorganism  from  the  lumen  of  the  intestine,  where  it  is  con- 
stantly foimd,  into  the  peritoneal  cavity,  where  the  conditions  are 
favorable  for  its  rapid  development, 

90.   BACILLUS  LACTIS  AEROGENES. 

Synonym  — Bacillus  lactis  aerogenes  (Escherich). 

Obtained  by  Escherich  (1886)  from  the  contents  of  the  small  intestine  of 
children  and  animals  fed  upon  milk  ;  in  smaller  numbers  from  the  faeces  of 
milk-fed  children,  and  in  one  instance  from  uncooked  cow^s 
milk. 

Morphology, — Short  rods  with  rounded  ends,  from  1  to  ^ 

2/<in  length  and  from  0.1  to  0.5  >[^  broad;  short  oval  and  t^t  ^§ 

spherical  forms  are  also  frequently  observed,  and,  under  $9 

certain  circumstances,  longer  rods  — 3  /^ — may  be  developed :  f  •*  ^  f 

usually  united  in  pairs,  and  occasionally  in  chains  conUdn- 
ing  several  elements.    In  some  of  the  larger  cells  Escherich 
has  observed  unstained  spaces,  but  was  not  able  to  obtain       ^°-  |*9  — Bacii- 
any  evidence  that  these  represent  spores.  ^^        i  ow  ^*E^ 

This  bacillus  stains  readily  with  the  ordinary  aniline     "^^Lj  v/  ^ 

colors,  but  does  jiot  retain  its  color  when  treated  by  Gram's     ^  ^  ^  -^ 
meth€>d. 

Biological  Characters. -^A^n  aSrohic  (facultative  anaerobic),  non-liquefy- 
ing, non-motile  bacillus.  Does  not  form  sporas.  Grows  in  various  culture 
media  at  tiie  room  temperature — more  rapidly  in  the  incubating  oven. 
Upon  gelatin  plates,  at  tne  end  of  twenty-four  hours,  small  white  colonies 
are  developed.  Upon  the  surface  these  form  hemispherical,  soft,  shining 
masses  which,  examined  under  the  microscope,  are  found  to  be  homogeneous 
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and  opaque,  with  a  whitish  lustre  by  reflected  light.  The  deep  colonies  are 
spherical  and  opaque  and  attain  a  considerable  size.  In  gelatin  stick  cul- 
tures the  growth  resembles  that  of  Friedlander's  bacillus — t,e.^  an  abundant 
growth  along  the  line  of  puncture  and  a  rounded  mass  upon  the  surface, 
forming  a  '* nail-shaped"  growth.  In  old  cultures  the  upper  portion  of  the 
gelatin  is  sometimes  clouded,  and  numerous  gas  bubbles  may  form  in  the 
^latin.  Upon  the  surface  of  nutrient  agar  an  abundant,  soft,  white  layer 
IS  developed.  Upon  old  potatoes,  in  the  incubating  oven,  at  the  end  of 
twenty-four  hours  a  yellowish -white  layer,  several  millimetres  thick,  is 
developed,  which  is  of  paste-like  consistence  and  contains  about  the  peri- 
phery a  considerable  number  of  small  gas  bubbles;  this  layer  increases  in 
dimensions,  has  an  irregular  outline,  and  larger  and  more  numerous  gas 
bubbles  are  developed  about  the  periphery,  some  the  size  of  a  pea;  later  the 
whole  surface  of  the  potato  is  covered  with  a  creamy,  semi-fluid  mass  filled 
with  gas  bubbles.  On  young  potatoes  the  development  is  different ;  a  rather 
luxuriant,  thick,  white  or  pale-yellow  layer  is  formed,  which  is  tolerably 
dry  and  has  irregular  margins;  the  surface  is  smooth  and  shining,  and  a 
few  minute  gas  bubbles  only  are  formed  after  several  days. 

Pathogenesis, — Injections  of  a  considerable  quantit^r  of  a  pure  culture 
into  the  circulation  or  rabbits  and  of  guinea-pigs  give  rise  to  a  fatal  result 
within  forty-eight  hours. 

In  his  first  publication  relating  to  **  the  bacteria  found  in  the  dejecta  of 
infants  afflicted  with  summer  diarrhoea,"  Booker  has  described  a  bacillus 
which  he  designates  by  the  letter  B,  which  closely  resembles  Bacillus  lactb 
aerogeiies  and  is  probablv  identical  with  it.    He  says: 

'*  Summary  of  Bacillus  B. — Found  nearly  constantly  in  cholera  infan- 
tum and  catarrhal  enteritis,  and  generally  the  predominating  form.  It 
appeared  in  larger  quantities  in  the  more  serious  cases.  It  was  not  found 
in  the  dysenteric  or  healthy  faeces.  It  resembles  the  description  of  the  Ba- 
cillus lactis  aerogenes,  but  the  resemblance  does  not  appear  sufficient  to  con- 
stitute an  identity,  and,  in  the  absence  of  a  culture  of  the  latter  for  com- 
parison, it  is  considered  a  distinct  variety  for  the  following  reasons:  Bacillus 
B  is  uniformlv  larger,  its  ends  are  not  so  sharply  rounded,  and  in  all  culture 
media  long,  thick  filaments  are  seen,  and  many  of  the  bacilli  have  the  pro- 
toplasm gathered  in  the  centre,  leaving  the  poles  clear.  ^  There  is  some 
ditference  in  their  colony  growth  on  gelatin,  and  in  gelatin  stick  cultures 
bacillus  B  does  not  show  the  nail- form  growth  with  marked  end  swelling  in 
the  depth.  In  potato  cultures  the  Bacillus  lactis  aerogenes  shows  a  differ- 
ence between  old  and  new  potatoes,  while  bacillus  B  does  not  show  any 
difference. 

**  Bacillus  B  possesses  decided  pathogenic  properties,  which  was  shown 
both  by  hypodermic  injections  and  feeding  with  milk  cultures." 

91.   BACILLUS   C  OF   BOOKKR. 

Found  by  Booker  (1889)  in  a  case  of  cholera  infantum. 

Morphoiogy. — Resembles  Bacillus  lactis  aerogenes  of  Elscherich. 

Biotogiccu  Characters, — Resembles  Bacillus  lactis  aerogenes,  but  differs 
from  it  in  not  coagulating  milk;  the  growth  on  potato  also  is  more  luxuri- 
ant and  the  surface  is  more  thickly  covered  with  gas  bubbles. 

BACILLI  OF  JEFFRIES. 

Jeffries,  in  a  study  of  the  alvine  discharges  of  children  suffering  from 
summer  diarrhoea,  isolated  a  number  of  bacilli  resembling  Bacillus  coli 
•communis  and  Bacillus  lactis  aerogenes  of  Escherich.     He  says: 

*'  While  Brieger^s  bacillus  and  the  lactic  acid  bacillus  of  Escherich  were 
not  found,  a  whole  group  of  species  in  g^wth,  form,  and  general  physiology 
closely  resembling  th'em  have  been  isolated.  This  group  is  represented  by 
bacilli  A,  G,  J,  K,  P,  S,  Z ;  they  seem  to  form  a  genus  ;  the  form  is  very 
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much  alike.  All  are  s^ood  anaerobic  growers ;  all  form  gas ;  all  turn  milk 
distinctly  acid ;  and  alfclosely  resemble  one  another  in  pure  cultures.  Many 
would  doubtless  class  these  altogether  as  one  species;  but  if  species  are  to 
be  recognized  at  all,  we  must  come  to  recognizing  every  fixed  difference  as 
constituting  a  species. 

**  This  group  occurred — ^always  very  abundantly — in  eighteen  out  of  the 
twenty-two  cases  of  summer  diarrhoea,  and  is  also  well  represented  among 
the  kittens.  They  are,  however,  so  much  like  the  harmless  forms  found  by 
Escherich  that  they  may  for  the  present  be  laid  aside  as  of  no  specific  sig- 
nificance. They  are  also  almost  the  only  forms  tested  which  failed  to  pro- 
duce intestinal  troubles  in  kittens.  Excluding  these,  there  is  no  species,  or 
g'roup  of  species,  left  either  generally  occurring  or  in  sufficient  numbers  to 
be  regarded  as  the  specific  pathogenic  plant  of  summer  diarrhoea.^' 

92.   BACILLUS  ACIDIFORMANS. 

Obtained  by  the  writer  (1888)  from  a  fragment  of  yellow-fever  liver  pre- 
served for  forty-eight  hours  in  an  antiseptic  wrapping;  since  obtained  from 


TiQ.  ISO. 

Fis.  150.'BacUlus  acidiformaiis,  from  a  potato  culture,    x  1,000. 
(Sternberg) 

Fio.  151.~CuIture  of  Bacillus  acidiformaiifl  in  nutrient  frelatin,  end  of^four  da.rs  at  S2«  C 
From  a  photograph.    (Sternberg.) 


Fio.  161. 
From  a  photomicrograph* 


liver  preserved  in  the  same  way  from  two  comparative  autopsies — i.e.,  not 
cases  of  yellow  fever. 

Morphology, — A  short  bacillus  with  rounded  corners,  sometimes  short 
oval  in  form ;  from  li  to  3  /*  in  length  and  about  1.2  /<  in  breadth ;  may  grow 
out  into  filaments  of  5  to  10  /i,  or  more,  in  length ;  in  some  cultures  the  snort 
oval  form  predominates. 

Stains  readily  with  the  aniline  colors  usually  employed,  and  by  Gram's 
method. 

Biological  Characters.— An  aerobic  and  facultative  anaJerobic,  non- 
liquefying^  non-motile  bacillus.  Does  not  form  spores.  Grows  rapidly  at 
the  room  temperature  in  the  usual  culture  media.  Grows  in  decidedly  acid 
media;  in  culture  media  containing  glycerin  or  glucose  it  produces  an  abun- 
dant evolution  of  carbon  dioxide,  and  a  volatile  acid  is  formed. 

It  does  not  liquefy  gelatin,  and  in  stick  cultures  grows  abundantly  both 
on  the  surface  and  alonsp  the  line  of  puncture.  At  the  end  of  twenty-four 
hours,  at  22''  C,  a  rounded  white  mass  is  formed  upon  the  surface,  resembling 
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the  grrowth  of  Friedlander's  bacillus;  at  the  bottom  of  the  line  of  puncture 
the  separate  colonies  are  spherical,  opaque,  and  pearl-like  by  reflected  li^ht. 
Gas  bubbles  are  formed  in  the  gelatin.  At  the  end  of  a  week  the  surface  is 
•covered  with  a  thick,  white,  semi-fluid  mass. 

In  gelatin  roll  tubes  the  superficial  colonies  are  translucent  or  opaque, 
and  circular  or  somewhat  irregular  in  outline ;  b^  reflected  light  they  are 
slightly  iridescent ;  the  deep  colonies  are  spherical,  opaque,  and  homo- 
^neous. 

The  growth  upon  the  surface  of  nutrient  agar  is  abundant  and  rapid,  of 
a  shining  milk-wnite  color,  and  cream-like  in  consistence.  An  abundant 
development  forms  alone  the  line  of  puncture  and  the  culture  medium  is 
split  up  by  gas  bubbles,  in  glycerin-agar  the  evolution  of  gas  is  very  abun- 
dant and  the  culture  medium  acquires  an  intensely  acid  reaction. 

On  potato  the  growth  is  abundant  and  rapid  at  a  temperature  of  20°  to 
30*^  C,  forming  a  thick,  semi-fluid  mass  of  a  milk-white  color. 

I  have  not  obtained  any  evidence  that  this  bacillus  forms  spores;  the 
cultures  are  sterilized  by  ten  minutes*  exposure  to  a  temperature  of  IW*  F. 

When  cultivated  in  bouillon  to  whicn  five  per  cent  of  glycerin  has  been 
added  the  culture  medium  acquires  a  milky  opacity,  and  there  is  a  copious 
precipitate,  of  a  viscid  consistence,  consistmg  of  bacilli ;  during  the  period 
of  active  development  the  surface  is  covered  with  gas  bubbles,  as  in  a  sac- 
charine li<][uid  undergoing  alcoholic  fermentation,  and  the  liquid  has  a  de- 
cidedly acid  reaction. 

Pathogenesis. — Pathogenic  for  rabbits  and  f6r  guinea-pigs  when  injected 
into  the  cavity  of  the  abdomen — one  to  two  cubic  centimetres  of  a  culture  in 
bouillon.  The  animal  usually  dies  in  less  than  twenty-four  hours.  Tlie 
bacilli  are  found  in  the  blood  in  rather  small  numbers,  and  are  frequently 
seen  in  the  interior  of  the  leucocytes.  The  spleen  is  enlarged,  the  liver 
normal,  the  intestine  usually  hypersQinic. 

93.   BACILLUS  CUNICULICIDA  HAVANIENSIS. 

Obtained  by  the  writer  (1889)  from  the  contents  of  the  intestine  of  yellow- 
fever  cadavers,  and  also  from  fragments  of  yellow-fever  liver  preserved  for 

forty-eight  hours  in  an  antiseptic  wrap- 
pinff— my  bacillus  x,  Havana,  1889. 

Aforp^togrv.---Tlus  bacillus  resembles 
the  colon  bacillus  in  form,  but  i^  some- 
what larger,  from  2  to  4  /<  in  length  and 
from  0.8  to  1  /«  in  diameter  ;  sometimes 
associated  in  pairs;  may  grow  out  into 
short  filaments — ^not  common .  The  en  ds 
of  the  rods  are  rounded,  and  under  cer> 
tain  circumstances  vacuoles  are  seen  at 
the  extremities,  especially  in  potato  cul« 
tures. 

Stains  quickly  with  the  aniline  colors 
usually  employed,  and  also  by  Grain's 
method. 

Biological  Characters. — ^An  aerobic 

..^'-^^l  facultative   anaerobic,   non-lique- 

FiQ.  159.— Bacillus  cunicuUdda  HaTaol-  '  fying  bacillus.    Under  certain  circum- 
enslB,  from  a  siiiKleoolony  in  nutrient  g«»la-      stances  may  exhibit  active  movements, 
tin.   X  1,000.    lYom  a  photomlcrogFaph.      but  is  usually  motionless. 
(Sternberg.)  A  very  curious  thing  with  reference 

to  this  bacillus  is  that  it  presented  ac- 
tive movements  in  my  cultures  made  directly  from  yellow-fever  cadavers, 
but  that  these  movements  were  not  constant,  and  that  since  my  return  to 
Baltimore  I  have  not,  as  a  rule,  observed  active  movements  in  cultures  from 
the  same  stock,  which,  however,  preserved  their  pathogenic  power  and  other 
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characters.  In  Havana  these  movements  were  usually  not  observed  in  all 
the  bacilli  in  a  field  under  observation,  but  one  and  another  would  start  from 
a  quiescent  condition  on  an  active  and  erratic  course ;  sometimes  spinning 
aciivelv  upon  its  axis,  and  again  shooting  across  the  field  as  if  propelled  by 
aflafeilum. 

My  notes  indicate  that  cultures  passed  through  the  guinea-pig  are  more 
apt  to  be  motile. 

In  ffelatin  stick  cultures  the  growth  of  bacillus  x  resembles  that  of  the 
colon  oacillus,  but  the  colonies  at  the  bottom  of  the  line  of  puncture  are 
more  opaque  and  not  of  a  clear  amber  color  like  that  of  colonies  of  the  colon 
bacillus.  Upon  the  surface  the  growth  is  thicker  than  that  of  the  colon 
bacillus,  ana  forms  a  milk-white,  soft  mass. 

The  colonies  in  ^latin  Esmarch  roll  tubes  vary  considerably  at  difiPerent 
times.  Deep  colonies  are  usually^  spherical,  homofi;eneous,  light  brown  in 
color,  and  more  opaque  than  the  similar  colonies  of  the  colon  bacillus.  At 
the  end  of  a  few  days  the  deep  colonies  become  quite  opaque,  and  may  be 
lobate,  like  a  mulberry,  or  coarsely  granular;  sometimes  the  deep  colonies 
have  an  opaque  central  portion  surrounded  by  a  transparent  marginal  zone. 

In  old  gelatin  roll  tubes  these  deep  colonies  form  opaque  white  hemi- 


FlO.  163.  Fio.  154. 

Flff.  158.— Bacillus  cimicollcida  Hayaniensiii;  colonies  in  gelatin  roll  tube,  third  day  at  20^  C. 
X  ft.    lYom  a  photograph.    (Sternberg.) 

Fio.  154.— Bacillns  cuniculicida  Haraniensis ;  cokmiet  in  gelatin  roll  tube,  end  of  forty-eight 
hours.    X  10.    From  a  photograph.    (Sternberg.) 

spheres  projecting  from  the  surface  of  the  dried  culture  medium,  and  little 
tufts  of  acicular  crystals  are  sometimes  observed  to  project  from  the  side  of 
such  old  colonies. 

The  superficial  colonies  are  circular  or  irregular  in  outline,  with  trans- 
parent margins  and  an  opaque  central  portion,  sometimes  corrugated.  They 
are  finely  granular  and  iridescent  by  reflected  light,  and  of  a  milk-white 
color;  by  &ansmitted  light  they  have  a  brownish  color.  Young  colonies 
closely  resemble  those  of  the  colon  bacillus.  This  bacillus  grows  well  at  a 
temperature  of  20^  C.  (eS"*  F.),  but  more  rapidly  and  luxuriantly  at  a  higher 
teinperature— 30**  to  35**  C. 

It  grows  well  in  agar  cultures,  and  esi)ecially  in  glycerin-cigar,  in  which 
it  prepuces  some  fifas  and  an  acid  reaction.  The  growth  on  tne  surface 
of  glycerin-agar  cultures  is  white,  cream-like  in  consistence,  and  quite  abun- 
dant. 

It  gro¥rs  well  in  an  agar  or  splatin  medium  made  acid  by  the  addition  of 
0.2  per  cent  (1 :  500)  of  hydrochloric  acid. 
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In  cocoanut  water  it  multiplies  rapidly,  producing^  a  milky  opacity  of  the 
previously  transparent  fluid,  an  acid  reaction,  and  an  evolution  of  carbon 
dioxide. 

On  potato  it  produces  a  thick  layer,  which  may  cover  the  entire  surface 
in  three  or  four  days,  and  which  has  a  dirty- white,  cream- white,  or  pinkish- 
white  color  and  cream-like  consistence.  The  growth  upon  potato  varies  at 
different  times,  evidently  owing  to  differences  in  the  potato. 

When  stained  preparations  are  examined  with  the  full  light  of  the  Abbe 
condenser  the  ends  or  some  of  the  rods  appear  to  be  cut  away,  leaving  a  con- 
cave extremity ;  but  by  using  a  small  diaphragm  to  obtain  definition  it  vnll 
be  seen  that  the  cell  wall  extends  beyond  the  stained  portion  of  the  rod  and 
includes  what  appears  to  be  a  vacuole.  There  is  no  reason  to  believe  that 
this  appearance  is  due  to  the  presence  of  an  end  spore,  for  the  supposed 
vacuole  is  not  refractive,  as  a  spore  would  be,  and  my  experiments  on  the 
thermal  death-point  of  this  bacillus  indicate  that  it  does  not  form  spores. 
Cultures  are  sterilized  by  exposure  for  ten  minutes  to  a  temperature  of  160^ 
F.  (71.2''  C). 

PatJiogeneais. — ^Very  pathogenic  for  rabbits  when  injected  into  the  cavity 
of  the  abdomen.  Injections  of  a  small  quantity  of  a  pure  culture  into  the 
ear  vein  or  subcutaneously  generally  give  a  ne^tive  result.  Injections  of 
from  one  to  five  cubic  centimetres  of  a  culture  m  bouillon,  blood  serum,  or 
agua  coco,  into  the  cavity  of  the  abdomen,  frequently  prove  fatal  to  rabbits 
in  a  few  hours — two  to  six. 

The  negative  results  obtained  in  injecting  cultures  beneath  the  skin  or 
into  the  ear  vein  of  rabbits  show  that  this  luicillus  does  not  induce  a  fatal 
septicaemia  in  these  animals,  and  the  fatal  result  when  injections  are  made 
into  the  peritoneal  cavity  does  not  appear  to  be  due  to  an  invasion  of  the 
blood,  but  rather  to  the  local  effect  upon  the  peritoneum,  together  with  the 
toxic  action  of  the  chemical  products  resulting  from  its  growth. 

It  is  true  that  I  have  always  been  able  to  recover  we  bacillus  from  the 
liver,  or  from  blood  obtained  from  one  of  the  cavities  of  the  heart,  even  in 
animals  which  succumb  within  a  few  hours  to  an  injection  made  into  the 
cavity  of  the  abdomen.  But  the  direct  examination  of  the  blood  shows  that 
the  bEu^illi  are  present  in  very  small  numbers,  and  leads  me  to  believe  that 
the  bacillus  does  not  multiply,  to  any  considerable  extent  at  least,  in  the 
circulating  fluid. 

The  spleen  is  not  enlarged,  as  is  the  case  in  anthrax,  rabbit  septicaemia, 
and  other  diseases  in  which  the  pathogenic  microorganism  multiplies  abun- 
dantly in  the  blood. 

On  the  other  hand,  there  is  evidence  of  local  inflammation  in  the  peri- 
toneal cavitv.  When  death  occurs  within  a  few  hours  the  peritoneum  is 
more  or  less  nyperaemic  and  there  is  a  considerable  quantity  of  straw-colored 
fluid  in  the  cavity  of  the  abdomen.  When  the  animal  lives  for  twenty 
hours  or  more  there  is  a  decided  peritonitis  with  a  flbrinous  exudation  uiK>n 
the  surface  of  the  liver  and  intestine.  Usually  the  liver,  in  animals  which 
die  within  twenty-four  hours,  is  full  of  blood,  rather  soft,  and  dark  in  color. 
In  a  single  instance  I  found  the  liver  to  be  of  a  light  color  and  loaded  with 
fat. 

The  rapidly  fatal  effect  in  those  cases  in  which  I  have  injected  two  or 
more  cubic  centimetres  of  a  culture  into  the  cavity  of  the  abdomen  has  led 
me  to  suppose  that  death  results  from  the  toxic  effects  of  a  ptomaine  con- 
tained in  the  culture  at  the  time  of  injection.  The  symptoms  also  give  sup- 
port to  this  supposition.  The  animal  quickly  becomes  feeble  and  indisposed 
to  move,  and  some  time  before  death  lies  helpless  upon  its  side,  breathing 
regularly,  but  is  too  feeble  to  get  up  on  its  feet  when  disturbed.  Death  some- 
times occurs  in  convulsions,  but  more  frequently  without— apparently  from 
heart  failure. 

Pathogenic  also  for  guinea-pigs  when  injected  into  the  cavity  of  the 
abdomen,  but  death  does  not  occur  in  so  short  a  time  ^eighteen  to  twenty 
hours.    Subcutaneous  injections  of  one-half  to  one  cubic  centimetre  gave  a 
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negative  result  in  eleven  out  of  thirteen  guinea-pigs  inoculated — two  died 
within  twenty-four  hours. 

94.   BACILLUS  LEPORIS  LBTHALI8. 

Obtained  by  Dr.  Paul  Gibier  (1888)  from  the  contents  of  the  intestine  of 
yellow-fever  patients ;  also  by  the  writer  from  the  same  source  (1888,  1889) 
m  exceptional  cases  and  in  comparatively  small  numbers.  Named  and  de- 
scribed dv  present  writer.  ^  • 

Morphology. — ^Bacilli  with  rounded  ends,  from  1  to  3  a«  in  length  and 
about  0,5  ti  in  breadth.  The  length  may  vary  in  the  same  culture  from  a 
short  oval  to  rods  which  are  two  or  three  times  as  long  as  broad,  or  it  may 
grow  out  into  flexible  filaments  of  considerable  length.  In  recent  cultures 
the  bacilli  are  frequently  united  in  pairs. 

Stains  readily  with  the  aniline  colors  usually  employed.  In  cultures 
which  are  several  days  old,  or  in  recent  cultures  when  the  stained  prepara- 
tion is  washed  in  alcohol,  the  ends  of  the  rods  are  commonly  more  deeply 
stained  than  the  central  portion — ""  end  staining";  and  in  old  cultures  some 
of  the  bacilli  are  very  faintly  stained. 

Biological  Charactera.^An  aerobic^  liqtiefyingy  ctctively  motile  bacillus. 
Does  not  form  spores.  • 

In  gelatin  stick  cultures,  at  the  end  of  twenty-four  hours  at  a  tempe- 
rature of  20°  to  22°  C,  there  is  an  abundant  development  alon^  the  line  of 
puncture  and  commencing  liquefaction  at  the  surface.  Later,the  liquefaction 
IS  funnel-shaped,  and  there  is  an  opaque  white  central  core  along  the  line 
of  puncture,  with  liquefied  ^latin  around  it.  Liquefaction  progresses  most 
rapidly  at  the  surface,  and  m  the  course  of  three  or  four  days  the  upper  por- 
tion of  the  gelatin  for  a  distance  of  half  an  inch  or  more  is  completely  lique- 
fied, and  an  opaque  white  mass,  composed  of  bacilli,  rests  upon  the  surface 
of  the  unliquefiea  portion. 

In  gelatin  roll  tubes  the  young  colonies  upon  the  surface  are  transparent 
and  resemble  somewhat  small  fragments  of  broken  glass;  later  liquemction 
occurs  rapidly.  Deep  colonies  in  gelatin  roll  tubes,  or  at  the  bottom  of  stick 
cultures,  are  spherical,  translucent,  and  of  a  pale  straw  color. 

Upon  the  surface  of  nutrient  agar  it  grows  rapidly,  forming  a  rather  thin, 
translucent,  shining,  white  layer,  which  covers  the  entire  sunace  at  the  end 
of  two  or  three  days  at  a  temperature  of  20°  C. 

Upon  potato  the  growth  is  rapid  and  thin,  covering  the  entire  surface, 
and  is  of  a  i>ale-yellow  color. 

This  bacillus  grows  at  a  comparatively  low  temi>6rature,  and  its  vitality 
is  not  destroyed  by  exposure  for  an  hour  and  a  half  in  a  freezing  mixture  at 
IS**  C,  below  zero  (5'  F.). 

Decided  growth  occurred  in  a  stick  culture  in  gelatin  exposed  in  Balti- 
more during  the  month  of  January  in  an  attic  room.  During  the  twenty- 
two  days  of  exposure  the  highest  temperature,  taken  at  9  a.m.  each  day, 
was  11°  C,  and  the  lowest  2"  C.  At  a  temperature  of  16"  to  20''  C.  develop- 
ment in  a  favorable  culture  medium  is  rapid. 

There  is  no  evidence  that  this  bacillus  forms  spores ;  cultures  are  sterilized 
by  exposure  to  a  temperature  of  60"  C.  for  ten  minutes. 

Ck)agulated  blood  serum  is  liquefied  by  this  bacillus.  It  retains  its  vitality 
for  a  long  time  in  old  cultures,  having  grown  freely  wlien  replanted  at  the 
end  of  a  year  from  a  hermetically  sealed  tube  containing  a  pure  culture  in 
blood  serum. 

Pathogenesis, — This  bacillus  is  very  pathogenic  for  rabbits  when  injected 
into  the  cavity  of  the  abdomen  in  (quantities  of  one  cubic  centimetre  or  more ; 
it  is  less  pathogenic  for  guinea-pigs,  and  is  not  pathogenic  for  white  rats 
when  injected  subcutaneously.  Gelatin  cultures  seem  to  possess  more  in- 
tense pathogenic  power  than  bouillon  cultures,  and  cultures  from  the  blood 
of  an  animal  recently  dead  as  the  result  of  an  inoculation  are  more  potent 
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than  those  from  my  original  stock  which  had  not  been  passed  through  a 
susceptible  animal. 

The  mode  of  death  in  rabbits  is  quite  characteristic.  A  couple  of  hours 
after  receiving  in  the  cavity  of  the  abdomen  two  or  three  cubic  centimetres 
of  a  liquefied  gelatin  culture  the  animal  becomes  quiet  and  indisposed  to  eat 
or  move  about.  Soon  after  it  becomes  somnolent,  the  head  drooping  for- 
ward and  after  a  time  resting  between  the  front  legs,  witfi  the  nose  on  the 
floor  of  its  cage.  It  can  be  roused  from  this  condition,  and  raises  its  bead  in 
an  indifferent  and  stupid  way  when  pushed  or  shaken,  but  soon  drops  off 
a^id  into  a  profound  sleep.  Frequently  the  animals  aie  in  a  sitting  posi- 
tion, with  their  nose  resting  upon  the  floor  of  the  ca§^  between  the  front 
legs.  I  have  not  seen  this  lethargic  condition  produced  oy  inoculations  with 
any  other  microorganism.  Convulsions  sometimes  occur  at  the  moment  of 
death. 

The  time  of  death  depends  upon  the  potencv  of  the  culture  and  its  quan- 
tity  as  compared  with  the  size  of  the  animal.  Fi-om  three  to  four  cubic 
centimetres  of  a  liquefied  gelatin  culture  usually  Jdll  a  rabbit  in  from  three 
to  seven  hours. 

The  rapidity  with  which  death  occurs  when  a  considerable  quantity  of  a 
liquefied  gelatin  culture  is  injected  into  the  cavity  of  the  abdomen,  and  the 
somnolence  which  precedes  death,  give  rise  to  the  supposition  that  the  lethal 
effect  is  due  to  the  presence  of  a  toxic  chemical  substance  rather  than  to  a 
multiplication  of  tlie  bacillus  in  the  body  of  the  animal.  And  this  view  is 
supported  by  the  fact  that  animals  frequently  recover  when  the  dose  admin- 
istered is  comparatively  small  and  especially  when  it  is  injected  subcuta- 
neously. 

In  all  cases  in  which  death  occurs,  even  when  but  a  few  hours  have 
elapsed  since  the  inoculation  was  made,  I  have  recovered  the  bacillus  in 
cultures  made  from  blood  obtained  from  the  heart  or  the  interior  of  the 
liver,  and,  as  stated,  these  cultures  appear  to  have  a  greater  virulence  than 
those  not  passed  through  the  rabbit. 

In  sections  of  the  liver  and  kidnev  stained  with  Loffler's  solution  of 
methylene  blue  the  bacilli  are  seen,  and  are  often  in  rather  long- jointed  fil- 
aments. 

96.   BACILLUS  PYOCYANU8. 

Synonyms. — Bacillus  of  green  pus  ;  Microbe  du  pus  bleu;  Bacil- 
len  des  grtinblauen  Eiters ;  Bacterium  aeruginosum. 

Obtained  by  Gessard  (1882)  from  pus  having  a  green  or  blue 

color,  and  since  carefully  studied  by  Gessard,  Charrin,  and  others. 

This  bacillus  appears  to  be  a  widely  distributed 

^.ty.        "Sis^  ^    saprophyte,  which  is  found  occasionally  in  the 

^jM:^'.,      /h      a     purulent  discharges  from  open  wounds,  and  some- 

'^I*^*       ^         times  in  perspiration  and  serous  wound  secretions 

(Gessard) .    The  writer  obtained  it,  in  one  instance, 

Fio.    166.  —  Bacmus     in  cultures  from  the  liver  of  a  yellow-fever  cada- 

IS^T       '''^'     ver  (Havana,  1888). 

Morphology. — A  slender  bacillus  with  rounded 
ends,  somewhat  thicker  than  the  Bacillus  murisepticus  and  of  about 
the  same  length  (Fliigge) ;  frequently  united  in  pairs,  or  chains  of  f our 
to  six  elements;  occasionally  grows  out  into  fiOiaments. 

Biological  Characters, — An  aerohiCy  liquefying,  motile  bacil- 
lus.    Grows  readily  in  various  culture  media  at  the  room  tempera- 
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tare — ^more  rapidly  in  the  incubating  oven.  Is  a  facultative  anae- 
robic (Frankel).  Does  not  form  spores.  The  thermal  death-point, 
as  determined  by  the  writer,  is  66°  C,  the  time  of  exposure  being  ten 
minutes.  In  gelatin  plate  cultures  colonies  are  quickly  developed, 
which  give  to  the  medium  a  fluorescent  green  color ;  at  the  end  of 
two  or  three  days  liquefaction  commences  around  each  colony,  and 
usually  the  gelatin  is  completely  Uquefied  by  the  fifth  day.  Before 
liquefaction  commences  the  deep  colonies,  under  a  low  power,  appear 
as  spherical,  granular  masses,  with  a  serrated  margin,  and  have  a 
yellowish-green  color;  the  superficial  colonies  are  quite  thin  and 
finely  granular ;  at  the  centre,  where  they  are  thickest,  they  have  a 
greenish  color,  which  fades  out  towards  the  periphery. 

In  stick  cultures  in  nutrient  gelatin  development  is  most  abun- 
dant near  the  surface,  and  causes  at  first  liquefaction  in  the  form 
of  a  shallow  funnel ;  later  the  liquefied  gelatin  is  separated  from 
that  which  is  not  liquefied  by  a  horizontal  plane,  and  a  viscid,  yel- 
lowish-white mass,  composed  of  bacilli,  accumulates  upon  this  sur- 
face, which  gradually  has  a  lower  level  as  Uquef action  progresses ; 
the  transparent,  liquefied  gelatin  above  is  covered  with  a  delicate, 
yellowish-green  film,  and  the  entire  medium  has  a  fiuorescent  green 
color.  Upon  nutrient  agar  a  rather  abundant,  moist,  greenish-white 
layer  is  developed,  and  the  medium  acquires  a  bright  green-color, 
which  subsequently  changes  to  olive  green.  Upon  potato  a  viscid 
or  rather  dry,  yellowish-green  or  brown  layer  is  formed,  and  the 
potato  beneath  and  immediately  around  the  growth  has  a  green  color 
when  freely  exposed  to  the  air  or  to  the  vapors  of  ammonia.  In  milk 
the  casein  is  first  precipitated  and  then  gradually  dissolved,  while  at 
the  same  time  ammonia  is  developed.  The  green  pigment  is  formed 
only  in  the  presence  of  oxygen;  it  is  soluble  in  chloroform  and  may 
be  obtained  from  a  pure  solution  in  long,  blue  needles ;  acids  change 
the  blue  color  to  red,  and  reducing  substances  to  yellow.  According 
to  Ledderhose,  it  is  an  aromatic  compound  resembling  anthracene, 
and  is  not  toxic.  According  to  Qessard^s  latest  researches  (1890),  two 
different  pigments  are  produced  by  this  bacillus,  one  of  a  fiuorescent 
green  and  the  other — ^pyocyanin — of  a  blue  color.  Cultivated  in  egg 
albumin  the  fluorescent  green  pigment,  which  changes  to  brown 
with  time,  is  alone  produced.  In  bouillon  and  in  media  containing 
peptone  or  gelatin  both  pigments  are  formed,  and  the  pyocyanin 
may  be  obtained  separately  by  dissolving  it  in  chloroform.  In  an 
alkaline  solution  of  peptone  (two  per  cent)  to  which  five  per  cent  of 
glycerin  has  been  added  the  blue  pigment  alone  is  formed. 

Pathogenesis. — The  experiments  of  Ledderhose,  Bouchard,  and 
others  show  that  this  bacillus  is  pathogenic  for  guinea-pigs  and  rab- 
bits.   Subcutaneous  or  intraperitoneal  injections  of  recent  cultures — 
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one  cubic  centimetre  or  more  of  a  culture  in  bouillon — ^usually  cause 
the  death  of  the  animal  in  from  twelve  to  thirty-six  hours.  An  ex- 
tensive inflammatory  oedema  and  purulent  infiltration  of  the  tissues 
result  from  subcutaneous  inoculations,  and  a  sero-fibrinous  or  puru- 
lent peritonitis  is  induced  by  the  introduction  of  the  bacillus  into  the 
peritoneal  cavity.  The  bacillus  is  found  in  the  serous  or  purulent 
fluid  in  the  subcutaneous  tissues  or  abdominal  cavity,  and  also  in  the 
blood  and  various  organs,  from  which  it  can  be  recovered  in  pure 
cultures,  although  not  present  in  great  numbers,  as  is  the  case  in 
the  various  forms  of  septicsdmia  heretofore  described.  When  smaller 
amounts  are  injected  subcutaneously  the  animal  usually  recovers 
after  the  formation  of  a  local  abscess,  and  it  is  subsequently  immune 
when  inoculated  with  doses  which  would  be  fatal  to  an  unprotected 
animal.  Immunity  may  also  be  secured  by  the  injection  of  a  con- 
siderable quantity  of  a  sterilized  culture.  Bouchard  has  also  pro- 
duced immunity  in  rabbits  by  injecting  into  them  the  filtered  urine 
of  other  rabbits  which  had  been  inoculated  with  a  virulent  culture  of 
the  bacillus.  It  has  been  shown  by  Bouchard,  and  by  Charrin  and 
Guignard,  that  in  rabbits  which  have  been  inoculated  with  a  culture 
of  the  anthrax  bacillus  a  fatal  result  may  be  prevented  by  soon  after 
inoculating  the  same  animals  with  a  pure  culture  of  tiie  Bacillus 
pyocyanus.  The  experiments  of  Woodhead  and  Wood  indicate  that 
the  antidotal  effect  is  due  to  chemical  products  of  the  growth  of  the 
bacillus,  and  not  to  an  antagonism  of  the  living  bacterial  cells.  They 
were  able  to  obtain  similar  results  by  the  injection  of  sterilized  cul- 
tures of  the  Bacillus  pyocyanus,  made  soon  after  infection  with  the 
anthrax  bacillus. 

96.   BACILLUS  OF  FIOCCA. 

Found  by  Fiocca  in  the  saliva  of  cats  and  doffs. 

Closely  resembles  the  influenza  bacillus  of  Pmffer  and  of  Canon. 

Morphology, — Besembles  the  bacillus  of  rabbit  septicaemia,  but  is  only 
half  as  lar^e— from  0.2  to  0.33  M  in  breadth.  The  length  is  but  little  ereater 
than  the  breadth.  Usually  seen  in  pairs,  closely  resembling  diplococci. 
When  cultivated  on  potato  it  appears  to  be  a  micrococcus,  but  in  the  blood 
of  infected  animals  and  in  bouillon  cultures  it  is  seen  to  be  a  short  bacillus. 

Stains  with  difficulty  with  the  usual  aniline  colors,  but  is  r^Uy  stained 
by  Ehrlich's  method  or  with  ZiehPs  solution. 

Biological  Characters,^ A.n  aerobic  and  facultative  anaerobic,  non- 
liquefying,  iion-motile  bacillus.  Spore  formation  not  observed.  Grows  best 
at  37"*  C.  and  does  not  develop  at  temperatures  below  Ih""  C.  In  agar  plates, 
at  37°  C,  small,  punctiform  colonies  are  developed  at  the  end  of  twenty-four 
hours;  these  do  not  increase  in  size  later;  under  the  microscope  the  deep 
colonies  are  seen  to  be  spherical,  granular,  and  dark  yellow  in  color ;  the 
superficial  colonies  are  more  or  less  round,  with  irregular  outlines,  trans- 
parent, slightly  granular,  and  often  have  a  shining  nucleus  at  the  centre. 
Upon  gelatin  plates  the  colonies  have  a  similar  appearance,  but  are  not  vis- 
ible in  less  than  four  or  five  days.  In  streak  cultures  upon  the  surface  of 
agar  small,  punctiform  colonies  are  seen  along  the  track  of  the  needle  at  the 
end  of  twenty -four  hours,  resembling  fine   dewdrops;  the  following  day 
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these  colonies  are  a  little  larger  and  less  transparent;  they  remain  distinct, 
espedally  along  the  marnns  of  the  line  of  growth.  Upon  potato  a  very 
thin,  transparent  layer  is  developed,  which  does  not  change  the  appearance 
of  the  surface  of  the  potato,  but  slightly  increases  its  resistance  to  the  plati- 
num needle.  In  bouiUon  small  nooculi.  suspended  in  the  clear  liquid,  are 
developed  within  twenty-four  hours;  these  suosequentl^  sink  to  the  Dottom. 

Milk  is  not  coagulated  by  this  bacillus,  and  no  gas  is  produced  in  media 
containing  sugar. 

Bathogenems. — Pathog^enic  for  rabbits,  guinea-pigs,  young  rats,  and  mice, 
in  which  animals  it  prcduces  general  in&tion,  and  death— in  rabbits — ^at 
the  end  of  twenty-four  hours.  The  bacillus  is  ifound  in  tne  blood  in  great 
numbers. 

97.   PROTEUS  YUIiOARIS. 

Obtained  by  SEauser  (1885)  from  putrefying  animal  substances, 
and  since  shown  to  be  one  of  the  most  common  and  widely  distrib- 
uted putrefactive  bacteria.     This  and  the  other  species  of  Proteus 
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Fia.  156.— Protens  yulgaris;  **  swarming  lalandfl  *'  from  a  geiatin  cidtma    X  38S.    (Hauaer.> 

described  by  the  same  bacteriologist  (Proteus  mirabilis,  Proteus  Zen- 
keri)  have  no  doubt  frequently  been  encountered  by  previous  observ- 
ers, and  are  among  the  species  formerly  included  under  the  name 
"  Bacterium  termo/'  which  was  applied  to  any  minute  motile  bacilli 
found  in  putrefying  infusions. 

Morphology. — Bacilli  with  rounded  ends,  about  0.6  /i  broad,  and 
varying  greatly  in  length,  being  sometimes  short  oval,  and  at  others 
from  1.25  to  3.75  /«  in  length  ;  also  grow  out  into  flexible  filaments, 
which  may  be  more  or  less  wavy  or  spiral  in  form.  The  short  rods 
are  commonly  seen  in  pairs ;  they  have  terminal  flagella ;  involution 
forms  are  frequently  seen,  the  most  common  being  spherical  bodies 
about  1.6  ;i  in  diameter.  In  old  cultures  in  bouillon,  or  in  cultures 
made  in  meat  infusion  in  the  incubating  oven,  the  short  oval  forms 
greatly  predominate,  but  in  recent  cultures  in  nutrient  gelatin  fila- 
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ments  of  considerable  length  are  encountered  in  association  with 
shorter  rods. 

Stains  readily  with  fuchsin  or  gentian  violet — not  so  well  with 
the  brown  aniline  colors  ;  does  not  stam  by  Gram's  method  (Cheyne). 

Biological  Characters. — An  aerobic  and  fcumltative  anaerobic, 
liquefying^  motile  bacillus.  Grows  rapidly  in  the  usual  cxdture 
media  at  the  room  temperature. 

The  growth  upon  gelatin  plates  (five  per  cent  of  gelatin)  at  the 
room  temperature  is  very  characteristic ;  at  the  end  of  six  or  eight 
hours  small  depressions  in  the  gelatin  are  observed,  which  contain 
liquefied  gelatin  and  grayish- white  masses  of  bacilli.  Under  a  low 
power  these  depressions  are  seen  to  be  surrounded  by  a  marginal 
zone  consisting  of  two  or  three  layers,  outside  of  which  is  a  zone  of  a 
single  layer,  from  which  amoeba-like  processes  extend  upon  the  sur- 
face of  the  gelatin.  These  processes  are  constantly  undergoing 
changes  in  their  form  and  position,  and  may  become  separated  from 
the  mother  colony,  or  remain  temporarily  attached  to  it  by  a  narrow 
thread  consisting  of  bacilli ;  after  a  time  the  entire  surface  of  the 
gelatin  is  covered  with  wandering,  amoeba-like  colonies ;  these 
rapidly  cause  liquefaction,  which  by  the  end  of  twenty-four  to  forty- 
eight  hours  has  reached  a  depth  of  one  millimetre  or  more  over  the 
entire  surface.  The  deep  colonies  also  are  surrounded  by  processes 
projecting  into  the  gelatin,  which  may  be  observed  to  suddenly  ad- 
vance and  again  to  be  retracted  towards  the  central  zoogloea-like 
mass.  Liquefaction  around  the  colony  rapidly  progresses,  and 
actively  motile  rods  and  spiral  filaments  may  be  seen  about  the  peri- 
phery of  this  Uquefied  gelatin,  while  about  it  is  a  radiating  crown  of 
irregular  processes,  some  of  which  may  be  screw-like  or  corkscrew- 
formed.  In  ten-per-cent  gelatin  the  migration  of  surface  colonies, 
above  described,  is  not  observed.  In  gelatin  stick  cultures  liquefac- 
tion occurs  along  the  entire  line  of  puncture,  and  soon  the  contents 
of  the  tube  are  completely  liquefied  ;  near  the  surface  of  the  liquefied 
gelatin  the  growing  bacilli  form  a  grayish-white  cloudiness,  and  at 
the  bottom  of  the  tube  an  abundant  flocculent  deposit  is  formed. 
Upon  the  surface  of  nutrient  agar  a  rapidly  extending,  moist,  thin, 
grayish-white  layer  is  formed.  Upon  potato  this  bacillus  produces  a 
dirty-white,  moist  layer.  The  cultures  in  media  containing  albumin 
or  gelatin  have  a  putrefactive  odor  and  acquire  a  strongly  alkaline 
reaction.  A  temperature  of  20°  to  24°  C.  is  most  favorable  for  the 
growth  of  this  bacillus.  It  is  a  facultative  anaerobic  and  grows  in 
an  atmosphere  of  hydrogen  or  of  carbon  dioxide,  although  not  so 
rapidly  as  in  the  presence  of  oxygen.  The  movements  are  often  ex- 
tremely active  and  difficult  to  follow  under  the  microscope  ;  again 
they  may  be  quite  deliberate,  or  the  bacilli  may  remain  motionless 
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for  a  time  and  again  dart  oflE  in  active  motion.  The  long  terminal 
flagella  may  sometimes  be  discerned  by  means  of  a  good  objective 
and  careful  manipulation  of  the  light. 

Pathogenesis. — Pathogenic  for  rabbits  and  for  guinea-pigs  when 
injected  into  the  circulation^  into  the  cavity  of  the  abdomen^  or  sub- 
cutaneously  in  considerable  quantity.  Cultures  in  nutrient  gelatin 
are  said  by  Cheyne  to  be  more  pathogenic  (toxic)  than  those  in  bouil- 
lon. When  injected  into  the  muscles  of  rabbits  a  much  smaller 
(lose  produces  a  fatal  result  than  when  injected  subcutaneously. 
In  Cheyne's  experiments,  made  in  London  (1886),  one-tenth  cubic 
centimetre  of  a  liquefied  gelatin  culture,  injected  into  the  dorsal 
muscles,  was  invariably  fatal  in  from  twenty-four  to  thirty-six  hours; 
a  dose  of  one-twentieth  cubic  centimetre,  injected  in  the  same  way, 
usually  caused  death;  while  one-fortieth  cubic  centimetre  gave  rise  to 
an  extensive  local  abscess,  and  the  animals  died  at  the  end  of  six  or 
eight  weeks.  Doses  of  less  than  one-five-hundredth  cubic  centimetre 
produced  no  effect.  Cheyne  estimates  that  one  cubic  centimetre  of  a 
culture  in  nutrient  gelatin  contains  4,500,000,000  bacilli,  and,  conse- 
quently, that  a  smaller  number  than  9,000,000  produced  no  effect  when 
injected  into  the  muscular  tissue  of  rabbits.  Injections  into  the  sub- 
cutaneous connective  tissues  of  a  dose  twice  as  large  as  that  which  in- 
variably proved  fatal  when  injected  into  the  muscles  usually  caused 
an  extensive  abscess,  but  did  not  kill  the  animal ;  and,  after  re- 
covery from  the  effects  of  such  an  injection,  the  rabbit  was  found  to 
be  immune  against  a  similar  dose  injected  into  the  muscles.  Fo4 
and  Bonome  have  succeeded  in  producing  immunity  against  the 
effects  of  virulent  cultiu'es  of  this  bacillus  by  inoculating  rabbits  with 
filtered  cultures,  and  also  by  injecting  beneath  the  skin  of  these  ani- 
mals a  solution  of  neurin,  which  they  believe  to  be  the  principal 
toxic  product  present  in  the  cultures. 

Proteus  Vulgaris  in  Cholera  Infantum. — ^The  extended  re- 
searches of  Booker  have  led  him  to  the  conclusion  that  this  bacillus 
plays  an  important  part  in  the  production  of  the  morbid  symptoms 
which  characterize  cholera  infantuin.  Proteus  vulgaris  was  found 
in  the  alvine  discharges  in  a  considerable  proportion  of  the  cases  ex- 
amined, but  was  not  found  in  the  faBces  of  healthy  infants.  "  The 
prominent  symptoms  in  the  cases  of  cholera  infantum  in  which  the 
proteus  bacteria  were  found  were  drowsiness,  stupor,  emaciation 
and  great  reduction  in  flesh,  more  or  less  collapse,  frequent  vomiting 
and  pulling,  with  watery  and  generally  offensive  stools." 

Another  bacillus  found  by  Booker  in  a  considerable  number  of  his 
cases  he  has  designated  by  the  letter  A  (No.  103). 
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98.   PROTEUS  OF  KARLINSKI. 

Synonym, — Bacillus  murisepticus  pleomorphus  (Karlinski).  Probably 
identical  with  Proteus  vulgaris  of  Hauser. 

Obtained  by  Karlinski  (1889)  from  a  fibro-purulent  uterine  discharge,  and 
from  abscesses  in  the  uterus  and  its  appenda^  in  a  puerperal  woman. 

Morphology.  — Eesembles  Proteus  vulgaris  of  Hauser  in  its  morphology, 
and  presents  various  forms  under  diiferent  circumstances  relating  to  the 
culture  medium,  the  temperature,  age  of  culture,  etc. — sometimes  as  spFheri 
cal  or  short  oval  cells,  at  others  as  longer  or  shorter  rods  or  spiral  filaments; 
usually  as  bacilli  with  round  ends  two  and  a  half  times  as  long  as  thick, 
often  united  in  pairs. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gramas  method. 

BioloqicaL  CharoGters, — An  aerobic  ojidfcumltative  anaerobic,  liquefy- 
ing,  mottle  bacillus.  Spore  formation  not  oteerved.  Grows  rapidly  m  the 
usual  ciilture  media  at  the  room  temperature.  In  gelatin  plate  cuuurea,  at 
the  end  of  ten  hours,  small  colonies  are  developed  which  nave  well-de6ned 
outlines,  are  oval  or  whetstone-shaped,  of  a  light-brown  color  by  transmitted 
light  and  white  by  reflected  light,  with  a  somewhat  darker  margin  and  a 
smooth  surface,  sometimes  manced  by  shallow  clefts;  at  the  end  of  twenty 
hours  the  colonies  commence  to  have  irregular  margins,  and  the  surface  of 
the  gelatin  above  them  is  marked  by  concentric  rings.  At  the  end  of  thirty 
hours  the  colonies  have  formed  a  bulb-shaped  liquefaction  of  the  gelatin, 
and  delicate,  ray-like  ofiPshoots  are  seen  around  the  mamn.  At  the  end  of 
two  days  the  bulbous  cavities  are  about  one  and  a  half  milliraetres  in  diameter 
and  contain  a  cloudy,  grayish-white  liquid;  they  are  surrounded  by  a  moist- 
looking,  gray,  irregular  marginal  zone.  In  aelarin  stick  cvltures,  at  the  end 
of  twenty-four  hours,  a  funnel-shaped  liquefaction  of  the  gelatin  occurs  near 
the  surface,  and  a  grayish-white,  cloudy  mass  is  developed  along  the  line  of 
puncture;  at  the  end  of  forty-eight  hours  a  sac-like  pouch  of  lic^uefied  gela- 
tin has  formed,  and  in  the  course  of  four  or  five  days  the  gelatin  is  entirely 
liquefied.  Upon  agar  plates  the  colonies  are  at  first  oval  in  form  and  white 
by  reflected  light,  or  pale  brown  by  transmitted  light  ;  at  the  end  of  thirty 
hours  the  surface  becomes  wrinkled  or  folded  and  is  surrounded  by  radiat- 
ing, delicately  twisted  offshoots.  Upon  the  surface  of  agar  a  white  layer 
is  developed.  Upon  pofato  a  whitish-gray,  soft,  homogeneous  layer,  which 
after  standing  a  long  time  has  a  darker  color.  Upon  blood  serum  a  thin, 
grayish- white  layer  is  formed  and  the  serum  is  rapidly  Uauefied.  Gelatin 
cultures  acquire  a  strongly  alkaline  reaction  and  give  on  a  disagreeable 
odor  resembling  that  of  but^c  acid. 

Pathogenesis. — White  mice  inoculated  at  the  root  of  the  tail  die  in  from 
twenty-two  to  twenty-four  hours  ;  the  spleen  is  greatly  enlarged;  the  bacilli 
are  found  in  blood  from  the  various  organs— less  numerous  in  blood  from 
the  heart.  Field  mice  and  house  mice  are  less  susceptible.  Subcutaneous 
injections  in  rabbits  may  give  rise  to  local  inflammation  and  also  to  general 
infection.  In  white  rats  and  guinea-pigs  a  local  abscess  may  result  from  a 
subcutaneous  inoculation* 

99.   PROTEUS  MIRABILIS. 

Obtained  by  Hauser  (1885)  from  putrefying  animal  substances. 

Morphology.— BaxiiUi  resembling  very  closely  the  preceding  species  (Pro- 
teus vulgaris),  but  presenting  more  numerous  involution  forms,  which  may 
be  sphencal,  pear-shaped,  or  spermatozoa-like,  etc.  The  bacilli  are  about 
0.6  >u  in  diameter  and  varv  greatly  in  length,  being  sometimes  nearly  spheri- 
cal, or  forming  rods  of  2  to  3.75  /i  in  length,  or  long  filaments. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  liquefy- 
ing, motile  bacillus.  Spore  formation  has  not  been  observed.  Grows  m  the 
usual  culture  media  at  the  room  temperature.    Does  not  liquefy  gelatin  as 
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rapidly  as  Proteus  vulgaris.  Upon  gelatin  plates,  at  the  end  of  twelve 
hours,  superficial  colonies  of  two  to  three  millimetres  in  diameter  are  formed ; 
under  a  low  power  these  appear  finely  granular  and  brownish  in  color,  and 
have  an  irregular  outline;  outgrowths  from  the  margin  extend  in  various 
directions  and  form  new  colonies,  which  may  be  attached  for  a  time  by  a 
long  and  slender  thread  consisting  of  bacilli.  The  movement  of  these  new 
colonies  is  not  as  pronounced  as  in  the  case  of  the  preceding  species,  and 
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Fio.  107.—'*  Swannin^  ifllanda  ^*  of  Proteus  mirabills,  from  a  gelatin  culture,    x  285.    (Hauser.) 

thej  are  characterized  by  the  presence  of  numerous  distorted  bacilli — invo- 
lution forms.    The  deep  colonies  form  spiral  zoogloea  masses. 

In  ffelatin  stick  cultures  the  whole  surface  is  first  covered  with  threads 
and  islands  of  bacilli,  which  after  a  time  form  an  anastomosing  network,  and 
finally  a  confluent  layer  which  at  the  end  of  forty-eight  hours  is  rather  thick, 
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Fxo.  157.— Spiral  zoAglooa  from  a  culture  of  Proteus  mlrabilis.    X  95.    (Hauser.) 

with  a  moist,  shining  surface  and  grayish  color,  and  appears  to  be  perforated 
with  numerous  small,  sieve-like  openings.  These  thinner  and  transparent 
places  disappear  after  a  time,  and  at  the  end  of  two  or  three  days  liquefac- 
tion of  the  gelatin  commences ;  complete  liquefaction  does  not  occur  until 
the  fifth  or  sixth  day,  or  even  later.  Along  the  line  of  puncture  finely  gran- 
ular colonies  ai«  first  formed,  from  which  long  threads  are  given  off,  which 
form  after  a  short  time  a  tolerably  broad  zone  of  threads  and  spiral  zoogloea 
masses. 

d9 
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Pathogenesis, — In  Hauser^s  experiments  filtered  cultures  (two  to  six  cubic 
centimetres),  injected  into  the  circulation  or  into  the  cavity  of  the  abdomen 
in  rabbits,  caused  fatal  toxaemia. 

100.  PROTEUS  ZENKERI. 

Obtained  by  Hauser  (1885)  from  putref yingf  animal  substances. 

Morphology, — Bacilli  which  vary  greatly  in  length — average  about  1. 65 /<, 
and  about  0.4  >u  broad. 

Biological  Characters. — ^An  oMrchic  and  facultative  ana^obic,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  the  surface  of  nutrient 
gelatin  a  laminated  mass  forms  about  the  point  of  puncture,  from  the  peri- 
phery of  which  ofPshoots  are  given  off,  at  the  extremities  of  which  colonies 
are  formed,  as  in  the  case  of  Proteus  mirabilis.  Gradually  a  raUier  thick, 
grayish-white,  opaque  layer  is  formed,  which  covers  the  entire  surface  of  the 
gelatin  and  is  easily  detached  from  it.  This  species  is  distinguished  from 
the  two  preceding  by  the  fact  that  it  does  not  liquefy  gelatin  or  olood  serum 
and  does  not  give  off  a  decided  putrefactive  odor  when  cultivated  in  these 
media. 

Pathogenesis. — Considerable  quantities  injected  into  small  animals  give 
rise  to  local  abscesses  and  to  symptoms  of  toxsemia. 

101.  PROTEUS  SEPTICUS. 

Obtained  by  Babes  (1889)  from  the  mucous  membrane  of  the  intestine  and 
the  various  organs  of  a  boy  who  died  of  septicaemia. 

Morphology. — Bacilli  about  0.4 /«  broad  and  varying  ^preatly  in  length; 
slightljr  curved  rods  or  flexible  filaments,  often  associated  m  loose  chains. 

Stains  by  the  usual  aniline  colors  and  by  Gramas  method. 

Biological  Characters. — An  aSrobic^  liquefyina,  motile  bacillus.  Spore 
formation  not  observed.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  In  qelatin  plates  centres  of  liquefaction  are  quickly  formed 
and  rapidly  extena.  The  spherical,  liquefied  places  have  at  first  a  wavy  or 
dentate  outline,  and  are  surrounded  by  a  branching,  transparent,  granular 
margin  which  rapidly  extends  in  advance  of  the  liquefaction.  In  stick  cvl- 
tures  in  nutrient  gelatin  liquefaction  of  the  entire  contents  of  the  tube  may 
take  place  within  twenty-four  hours,  or  a  broad,  liquefied  sac  is  formed 
along  the  line  of  puncture.  Gelatin  cultures  give  off  a  very  disa^rreeable 
odor.  Upon  the  surface  of  nutrient  agar,  at  37*  C,  a  peculiar,  thick  net- 
work extends  over  the  surface  in  the  course  of  a  few  hours.  Upon  potato  an 
elevated,  brownish-white,  shining  layer  is  formed.  Blood  serum  is  lique- 
fied by  this  bacillus. 

Pathogenesis. — Pathogenic  for  mice,  less  so  for  rabbits.  In  mice  death 
occurs  in  from  one  to  three  days  after  the  subcutaneous  injection  of  a  small 
quantity  of  a  pure  culture  ;  the  bacilli  are  present  in  the  blood  in  small 
numbers. 

102.  PROTEUS  LBTHALIS. 

Synonym. — Proteus  bei  Lungengangran  des  Menschen  (Babes). 

Obtained  by  Babes  (1889)  from  the  spleen  and  gangrenous  portions  of  the 
lung  of  a  man  who  died  of  septicaemia. 

Morphology. — Short  rods  with  round  ends,  from  0.8  to  1.6  /i  thick  ;  often 
swollen  in  the  middle,  like  alemonorafiask  ;  foi*ms  short,  fiexible  filaments 
which  also  present  similar  swellings. 

Stains  with  the  usual  aniline  colors  and  also  \>y  Gram's  method. 

Biological  Characters. — ^An  aJerotnc  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Not  observed  to  form  spores.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  In  geUUinjplates  forms  hemi- 
spherical, elevated,   whitish,   translucent  colonies,    which  later  send  out 
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coarse  branches  which  ramify  over  the  surface  of  the  gelatin.    A  similar 

SDwth  is  observed  upon  the  surface  of  gelatin  stick  cultures,  and  an  abuh- 
nt  development  takes  place  along  the  line  of  puncture.  XJpon  nutrient 
agar  a  thick,  opaque,  slightly  yellowish  layer  is  formed.  Upon  potato  a 
moist,  shining,  brownish  layer  is  developed,  and  the  potato  acquires  a 
brownish  color.  Upon  blood  serum  the  growth  is  less  abundant  than  on 
agar;  the  blood  serum  is  not  liquefied.  This  bacillus  grows  rapidly  at  the 
room  temperature;  it  is  destroyed  by  a  temperature  of  80''  C,  and  presum- 
ably  does  not  form  spores. 

iPatJiogeneais. — ^Recent  cultures  are  very  pathogenic  for  mice  and  for 
rabbits,  less  so  for  fi;uinea-pigs.  The  subcutaneous  injection  of  a  small 
quantity  of  a  pure  culture  kills  susceptible  animals  in  two  or  three  days. 
Sore  or  less  oedema  is  found  at  the  pomt  of  inoculation.  Injections  into  the 
rectum  of  rabbits  ^ve  rise  to  haemorrhagic  enteritis,  peritonitis,  and  death 
at  the  end  of  four  &ys. 

103.   BACILLUS  A  OF  BOOKER. 

Obtained  by  Booker  (1889)  from  the  alvine  discharges  of  children  suffer- 
ing from  cholera  infantum. 

Morphology, — Bacilli  with  i-ound  ends,  varying  greatly  in  length,  usually 
three  to  four  m  long  and  0.7  m  broad  (in  recent  agar  cultures).  In  older  cul- 
tures the  bacilli  are  shorter  and  smaller. 

Biological  Characters, — An  aerobic  and  fcumltative  anairobiCy  lique- 
Sy^'^^t  fnotile  bacillus.  Grows  at  the  room  temperature  in  the  usual  culture 
media.  In  gelatin  plates  colonies  are  visible  at  the  end  of  twenty-four 
hours;  under  the  microscope  these  are  nearly  colorless,  and  liquefaction 
soon  occurs  around  them.  In  gelatin  stick  cultures  complete  liquefaction 
occurs  in  three  or  four  days .  XJpon  agar  a  colorless  layer  covering  the  entire 
surface  is  developed  in  three  or  four  days,  and  an  abundant  development 
occurs  along  the  line  of  puncture.  Agar  colonies  have  a  bluish  look,  and 
are  surrounded  by  an  indistinct  halo  which  shades  off  gradually  into  the 
surrounding  agar  ;  under  a  low  power  the  colonies  are  light-brown  and  the 
borders  indistinct ;  the  surface  has  a  delicate,  wavy  appearance.  Upon  po- 
tato the  growth  is  luxuriant  and  of  a  dirty-brown  color.  Blood  serum  is 
liquefied  Dy  this  bacillus. 

Milk  is  coacfulated  into  a  cfelatinous  mass  having  an  alkaline  reaction ; 
later  the  coaguTum  is  dissolved. 

Pathogenesis. — Mice  and  guinea-pigs  fed  with  cultures  in  milk  die  in  from 
one  to  eight  days. 

104.   BACILLUS  ENDOCARDITIDIS  GRISETJS. 

Obtained  by  Weichselbaum  (1888)  from  the  affected  valves  in  a  case  of 
endocarditis  recurrens  ulcerosa. 

Morphology. — Short  rods  with  rounded  or  somewhat  pointed  ends,  about 
two  to  three  times  as  long  as  broad— of  about  the  same  dimensions  as  the 
bacillus  of  typhoid  fever. 

Stains  with  the  usual  aniline  colors  and  also  by  Gramas  method;  the 
longer  rods  from  old  cultures  are  irregularly  stained. 

Biological  Characters. — An  aerobic,  non-liquefying,  motile  bacillus. 
Refractive  bodies  may  be  seen  in  some  of  the  rods,  which  resemble  spores  and 
are  stained  by  the  method  of  Ernst,  but  they  do  not  show  the  resistance  of 
known  spores  to  physical  and  chemical  agents.  Grows  well  in  the  usual 
culture  media  at  tne  room  temperature.  Upon  gelatin  plates  colonies  are 
formed  which  resemble  those  of  Friedlander's  bacillus,  but  which  gradually 
acquire  a  gray  or  grayish-white  color.  The  prominent,  convex,  superficial 
colonies  under  a  low  power  are  finely  £[ranular  and  grayish-brown  in  color ; 
the  deep  colonies  are  yellowish-brown  m  color,  have  slightly  notched  mar- 
gins, and  the  surface  is  covered  with  minute  pix)jections.    In  stick  cultures 
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a  rather  thin,  circular  layer  forms  about  the  point  of  puncture;  this  has  the 
appearance  of  stearin;  later  it  becomes  gravish-white  and  the  margins  are 
marked  by  radiating  lines.  Upon  the  surface  of  nutrient  agar  a  similar 
growth  occurs  which  has  a  pale-brown  or  reddish-gray  color.  XJ}>on  potato 
m  the  incubating  oven  an  abundant  development  occurs,  forming  a  dry- 
lookinff  layer  of  a  grayish-brown  color  and  having  irregularly  notched  mar- 
gins. Upon  blood  serum  an  abundant,  grayish-white  growth  of  cream-like 
consistence  forms  along  the  impfstrich ;  later  this  has  a  reddish  gray  color. 
This  bacillus  grows  to  the  bottom  of  the  line  of  puncture  in  stick  cultures, 
■and  is  no  doubt  a  facultative  anaerobic. 

Pathogenesis, — Pathogenic  for  white  mice  and  for  guinea-pigs. 

105.    BACILLUS   ENDOCARDITIDIS  CAPSULATUS. 

Obtained  by  Weichselbaum  (1888)  from  thrombi  and  embolic  infarctions 
in  the  spleen  and  kidneys  of  a  man  who  died  from  endocarditis  with  forma- 
tion of  thrombi. 

Morphology, — Resembles  Friedlander's  bacillus,  and  is  frequently  sur- 
rounded by  a  capsule,  which  may  be  stained;  also  forms  lon^,  curved  fila- 
ments, in  the  protoplasm  of  which  vacuoles  may  be  observed  m  stained  pre- 
parations. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gramas  method ;  by 
staining  with  f uchsin  and  carefully  decolorizing  with  diluted  alcohol  the 
•presence  of  a  capsule  may  be  demonstrated. 

Biological  Characters. — An  aerobic^  non-liquefying  baciUus.  Grows  iu 
the  usual  culture  media  at  the  room  temperature. 

In  gelatin  stick  cultures  development  occurs  alone  the  line  of  puncture, 
and  on  the  surface  as  a  rather  thin,  white,  dry  layer  which  resembles  stearin. 
In  agar  plates  the  superficial  colonies  are  thin,  about  two  millimetres  iu 
diameter  and  gray  in  color ;  under  a  low  power  the  margins  are  trans- 
parent and  colorless,  and  the  centre  resembles  the  deep  colonies;  these  are 
very  small  and  crayish-white  in  color  ;  under  a  low  power  the  surface  is 
seen  to  be  covered  with  tooth-Hke,  projecting  masses,  the  margin  is  dentate 
and  has  a  pale-yellow  color,  while  the  centre  is  yellowish-brown. 

Pathogenesis.:— 'RsbhiXs  are  killed  by  the  injection  of  a  considerable  quan- 
tity of  a  pure  culture  into  the  cavity  of  the  abdomen  or  subcutaneously. 

lOG.    BACILLUS  OF  LESAGE. 

Obtained  by  Lesage  (1887)  from  the  green-colored  discharges  of  infants 
sufPering  from  '*  green  diarrhoea,"  and  supposed  to  be  the  cause  of  this  com- 
plaint (0.  Accoming  to  Baumearten,  this  bacillus  is  probably  identical 
with  a  well-known  pigment-producing  saprophyte — ^the  Bacillus  fluorescens 
non-liquefaciens. 

Morphology.— ^msll  bacilli  with  round  ends,  about  2.4  /*  long  and  0.75  to 
1/i  broad ;  in  old  cultures  may  grow  out  into  long  filaments. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gramas  method. 

Bioloqical  Characters. — An  airobic^  non-liquefying  (slight  liquefaction 
in  old  cultures),  motile  bacillus.  Forms  spores.  Grows  slowlv  at  the  room 
temperature  in  the  usual  culture  media,  more  rapidly  at  25°  to  35**  C.  Upon 
gelatin  plates  superficial  colonies  are  formed  which  have  irregularly  dentate, 
leaf-like  margins  and  a  smooth  surface;  they  produce  a  greenish  color  in  the 
gelatin.  In  gelatin  stick  cultures  a  thin,  smooth,  transparent,  greenish 
layer  forms  upon  the  surface,  and  in  the  course  of  four  or  five  days  the  gela- 
tin has  acquired  throughout  a  bright-green  color.  Upon  potato  a  dark- 
green  layer  is  formed.    The  cultures  have  the  odor  of  old  urine. 

Pathogenesis. — The  injection  of  a  considerable  quantity  of  a  pure  culture 
into  the  ear  vein  of  a  rabbit  is  said  to  have  produced  green  diarrhoea,  and 
the  same  result  was  obtained  by  mixing  cultures  with  the  food  of  these  ani- 
mals.   These  results  have  not  yet  been  confirmed  by  other  investigators. 
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107.    BACILLUS  OP  DBMME. 

Obtained  by  Demme  (1888)  from  the  fluid  contents  of  the  tumors  and 
pustules  of  erythema  nodosum,  and  also  from  the  blood  of  the  affected  indi- 
vidual. 

Morphology,— BsLcilli  with  round  ends,  from  2.2  to  2.5  m  long  and  0.5  to 
0.7/1  broad;  usually  collected  in  smaller  or  larger  groups. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method. 

Biological  Characters. — ^An  aerobic  (facultative  anaerobic?)  bacillus, 
which  does  not  gi'ow  in  nutrient  gelatin  at  the  room  temperature.  Grows 
in  nutrient  agar  at  35°  to  37''  C.  Forms  spores.  In  agar  plates,  at  35°  to  37*" 
C,  smooth,  spherical,  shining  white  colonies  are  formed  m  from  forty -eight 
to  sixty  hours,  which  at  the  end  of  six  or  seven  days  may  have  the  size  of  a 
small  coin — five  centimes;  these  are  marked  by  lines  radiating  from  the 
centre,  which  are  slightly  elevated  above  the  surface  of  the  colony  and  have 
a  silvery  lustre  by  ooliquely  reflected  light;  the  margins  of  the  colony  are 
fringe-like,  and  after  ten  or  twelve  days  conical  offshoots  are  given  off  from 
•  this  thready  margin.  In  agar  stick  cultures  growth  occurs  along  the  line 
of  puncture  in  the  form  of  a  thorny  column  which  has  a  paraffin-like 
lustre. 

Pathogenesis. — According  to  Demme,  when  injected  subcutaneously  into 
guinea-piffs,  or  by  rubbing  pure  cultures  into  the  scarified  skin,  an  eruption 
occurs  wnich  resembles  that  of  erythema  nodosum  and  is  followed  by  a 
gangrenous  condition  of  the  skin.  Rabbits,  dogs,  and  goats  proved  to  be 
refractory. 

108.   BACILLUS  CEDEMATIS  AEROBICUS. 

Synonym, — A  new  bacillus  of  malignant  oedema  (Klein)* 

Ootained  from  garden  earth  by  inoculation  in  guinea-pigs. 

Morphology. — ^Bacilli  from  0.8  to  2.4  /i\n  length  ana  0.7  u  thick;  grow 
out  into  lon^  filaments. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gramas  method. 

Biological  Characters. — An  aerobic  &nd  faculiative  anaSrobiCy  non4ique- 
fyinq,  motHe  bacillus.  Does  not  form  spores.  Grows  at  the  room  tempera- 
ture m  the  usual  culture  media.  Upon  gelatin  plates,  at  the  end  of  twenty- 
four  hours,  small,  gray,  punctiform  colonies  are  developed;  at  the  end  of 
forty-eight  hours  the  superflcial  colonies  are  seen  as  flat,  gravish,  transparent 
plac[ues,  the  margins  of  which  are  thin  and  irregularly  notcned ;  these  attain 
a  diameter  of  several  millimetres  in  the  coarse  of  a  few  days,  llie  deep  colo- 
nies do  not  exceed  the  diameter  of  a  pin^s  head;  they  remain  spherical,  and 
by  transmitted  light  have  a  brownish  color.  In  gelatin  stick  cultures  a 
white  line  of  growth  is  developed  along  the  track  of  the  inoculating  needle, 
and  at  the  bottom  of  this  isolated,  punctiform  colonies  are  seen ;  upon  the 
surface  a  flat,  thin,  transparent,  grayish  layer  with  a  dentate  mar^n  is 
developed.  Upon  the  surface  of  agar  a  smearv,  grayish-white  stripe  is  de- 
veloped along  the  impfstrich.  Alkaline  bouillon^  at  the  end  of  twenty-four 
hours  at  37^  C.,  is  densely  clouded,  and  later  contains  numei*ous  flocculi,  but 
no  pellicle  upon  the  surface;  at  the  end  of  twenty-four  hours  the  reaction 
becomes  strongly  alkaline.  Upon  potato  a  viscid,  yellowish  stripe  is  devel- 
oped along  the  line  of  inoculation.  In  deep  cultures  in  nutrient  gelatin  gas 
bubbles  are  developed  in  from  twenty-four  to  forty-eight  hours;  these  are 
attached  to  the  isolated  colonies. 

Pathogenic  for  guinea-pigs,  rabbits,  and  white  mice.  The  animals  die 
within  twenty -four  hours — when  very  small  quantities  are  injected  subcu- 
taneously into  guinea-pigs  they  may  live  for  two  or  three  days  and  sometimes 
recover.  The  lethal  dose  of  a  bouillon  culture  is  from  one-fourth  to  one- 
half  cubic  centimetre^  but  one  drop  of  the  oedematous  fluid  from  the  subcu- 
taneous connective  tissue  of  an  inoculated  animal  is  infallibly  fatal.  In 
{:uinea-i>igs  an  extensive  inflammatory  oedema  is  produced  by  subcutaneous 
inoculations ;  the  spleen  is  but  slightly  enlarged.    In  rabbits  but  slight  oedema 


Digitized  by  CjOOQIC 


466  PATHOGENIC  AEROBIC  BACILLI 

and  a  small  spleen.  In  mice  no  oedema  and  a  sliffhtly  enlarged  spleen.  The 
bacilli  are  found  in  the  blood  of  the  heart  in  smcul  numbers,  ana  are  some- 
what more  numerous  in  the  spleen,  especially  in  mice. 

109.   BACILLUS  OF  LETZERICH. 

Obtained  by  Letzerich  (1887)  from  the  urine  of  children  suffering  from 
'*  nephritis  interstitialis  primaria."  Etiological  relation  not  satisfactorily 
demonstrated. 

Morphology.— BacUli  with  round  ends,  straight  or  slightly  curved,  often 
forming  filaments. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters.— Am  a^SrobiCy  liquefying  bacillus.  Forms  spores. 
Q-rows  rapidly  in  nutrient  gelatin  at  a  comparatively^  low  temperature— best 
at  14**  C.  Upon  gelatin  plates,  at  14**  C,  complete  liquefaction  has  occurred 
in  from  thirty -six  to  forty-eight  hours,  and  a  thin,  white  film  covers  the 
surface  of  the  liquefied  ^latin;  the  same  in  gelatin  stick  cultures. 

Pathogenesis. — Rabbits  injected  in  the  cavity  of  the  abdomen  are  said  to 
die  in  about  fourteen  days.  The  autopsy  shows  an  extensive  abscess,  en- 
largement and  congestion  of  the  kidneys,  enlarged  spleen,  etc.  The  bacilli 
are  found  in  great  numbers  in  all  of  the  organs. 

110.   BACILLUS  OP  SCHIMMELBUSCH. 

Obtained  by  Schimmelbusch  (1889)  from  the  necrotic  tissues  at  the  boun- 
dary line  of  the  still  living  tissues  in  cancrum  oris,  or  noma.  Etiological 
relation  not  proved. 

Morphology. — Small  bacilli  with  round  ends;  often  united  in  pairs; 
may  grow  out  into  long  filaments. 

Stains  best  with  an  aqueous  solution  of  gentian  violet;  does  not  stain  by 
Gram's  method. 

Biological  Cliaracters, — An  aerobic,  non-liquefying  bacillus.  Grows  in 
the  usual  culture  media  at  the  room  temperature— better  in  the  incubating 
oven  at  30^  to  37"  C.  Upon  gelatin  plates  forms  below  the  surface  spheri- 
cal, finely  granular,  grayish- white  colonies,  which  come  to  the  surface  and 
form  elevated  masses  with  slightly  dentate  mar^ns  and  an  irregularly  cleft 
surface.  In  gelatin  stick  cultures  the  growth  along  the  line  of  inoculation 
is  coarsely  granular;  upon  the  surface  a  broad,  flat  layer.  Upon  the  sur- 
face of  agar,  in  twentv-four  hours  at  S?**  C,  a  grayish- while  layer  along  the 
line  of  inoculation,  which  is  smooth  and  about  three  millimetres  in  breadth. 
Upon  potato,  at  the  end  of  two  weeks,  a  broad,  moist,  grajrish- white  layer 
from  two  to  three  millimetres  wide.  Upon  coagulated  ascitic  fluid,  at  the 
end  of  twenty-four  hours,  a  thin  layer  along  the  impfstrich,  from  which 
lateral  offshoots  are  given  ofP. 

Pathogenesis. — Cultures  injected  subcutaneously  into  rabbits  produced 
local  abscesses  only ;  not  pathogenic  for  mice  or  pigeons. 

111.   BACILLUS  FCETIDUS  OZJEN^. 

Obtained  by  Haiek  (1888)  from  the  nasal  secretions  of  patients  with  ozae- 
na.     Etiological  relation  not  proved. 

Morphology. — Short  bacilli,  but  little  longer  than  broad;  usually  in  ludrs, 
or  in  chains  of  six  to  ten  elements. 

Stains  with  Loffler's  solution  of  methylene  blue  or  solutions  of  aniline 
colors  in  aniline  water — ^not  so  well  in  aqueous  solutions;  does  not  stain  by 
Gram's  method. 

Biological  Characters.— An  aerobic  and  facultative  anairobie^  liquefy- 
inq,  motile  bacillus.  Spore  formation  not  observed.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  Upon  gelatin  plates  the  colonies, 
at  the  end  of  thirty-six  hours,  are  scarcely  visible,  with  well-defined  but 
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somewhat  irre^lar  outlines;  later  liquefaction  commenoeB  and  crater-like 
depressions  in  the  gelatin  are  formed,  in  which  a  gas  hubble  is  seen ;  com- 
plete liquefaction  occurs  in  the  course  of  a  few  days.  In  gelatin  stick  cul- 
turea  liquefaction  occurs  all  along  the  line  of  inoculation,  and  is  complete 
at  the  end  of  from  eight  to  fourteen  days.  Upon  agar  plates  the  colonies 
are  g^ranular  in  the  centre,  and  the  margins,  under  a  low  power,  are  seen  to 
be  fringed.  Upon  the  sm*face  of  agar  a  moist,  slimy  layer  is  formed  along 
tlie  impfstrich.  Upon  potato^  at  the  end  of  twenty-four  hours,  a  yellowish- 
brown  layer  is  formed.  Upon  blood  serum  development  is  rapid  in  the  form 
of  a  whitish  layer,  which  extends  over  the  whole  surface.  The  cultures, 
and  especially  those  kept  in  the  incubatin&f  oven,  give  off  a  disagreeable 
putrefactive  odor,  which  is  most  intense  in  the  blood-serum  cultures. 

PatJMffenesis. — ^Pathogenic  for  mice.  When  injected  subcutaneously 
into  rabbits  it  gives  rise  to  intense  local  inflammation  and  progressive  gan- 
grene of  the  connective  tissue. 

112.  BACILLUS  OP  LUMNITZER. 

Obtained  by  Lumnitzer  (1888)  from  the  bronchial  secretions  of  persons 
suffering  from  '^  putrid  bronchitis.*'    Etiological  relation  not  demonstrated. 

Morphology, — Bacilli  with  round  ends,  from  1.5  to  2  m  long,  somewhat 
curved. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  motile  bacillus.  Does  not  grow  in 
nutrient  ^latin  at  the  room  temperature.  Grows  slowly  upon  agar  and 
more  rapidly  upon  blood  serum  at  36**  to  SB**  C.  Forms  spores.  Upon  agar 
plates^  at  37°  C.,  small,  grayish -white  colonies  are  formed  in  two  or  three 
days;  upon  the  surface  these  form  hemispherical  masses  which  slowly  in- 
crease in  size.  At  the  end  of  six  or  seven  days  the  cultures  give  off  a  dis- 
agreeable odor,  quite  like  that  given  off  by  the  sputum  of  the  cases  of  putrid 
bronchitis  from  which  the  bsusillus  was  obtained.  Upon  the  surface  of 
Uood  serum  the  growth  is  rapid  and  forms  grayish- white,  shining  colonies, 
of  about  one  milfiihetre  in  diameter,  which  become  confluent  at  the  end  of 
about  four  days,  and  cover  the  entire  surface  in  eight  or  nine  days. 

Pathogenesis, — Causes  a  purulent  inflammation  when  injected  into  the 
lungs  of  rabbits,  which  involves  the  bronchial  tubes,  the  blood  vessels,  and 
the  pulmonary  alveoli ;  when  injected  subcutaneously  produces  inflamma- 
tion  and  necrosis  of  the  tissues. 

113.  BACILLUS  OP  TOMMASOLL 

Obtained  by  Tommasoli  (1889)  from  the  hairs  of  the  head  of  a  patient  suf- 
fering from  a  form  of  sycosis  supposed  to  be  due  to  the  presence  of  this 
parasite  (?). 

Morphology.— Short,  straight  bacilli,  with  round  ends,  from  1  to  1.8  /< 
lon^  and  from  0.25  to  0,3  M  broad  ;  often  united  in  chains  containing  four 
to  SIX  elements. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  non-liquefying,  non-motile  bacil- 
lus. Does  not  form  spores.  Grows  slowly  at  the  room  temperature  in  the 
usual  culture  media.  Upon  gelatin  plates,  at  the  end  of  four  days,  the  deep 
colonies  are  seen  as  small,  white  points,  the  superficial  colonies  as  smooth 
discs  of  a  grayish  color.  At  the  end  of  a  month  the  deep  colonies  may  be  as 
large  as  a  mustard  seed ;  the  superficial  are  thin,  shining,  and  slimy,  and 
have  a  diameter  of  one  to  two  millimetres.  In  gelatin  stick  cultures  a  con- 
vex, shining,  white  mass  is  developed  at  the  point  of  inoculation,  and  along 
the  line  of  puncture  in  the  coui*se  of  five  or  six  days  a  white  line  of  growth 
is  seen  which  consists  of  closely  crowded,  small  colonies.  Upon  a^ar  the 
development  is  very  slow,  and  forms  at  first  thin,  slimy,  grayish-white 
patches  which  are  distributed  along  the  impfstrich ;  later  these  become  con- 
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fluent  and  form  shinine,  wayv  stripes.  Upon  potato  the  development  is 
more  rapid  and  forms  elevatea,  sharply  denned  colonies,  of  granular  ap- 
pearance and  of  a  chamois-yellowish-white  color;  later  these  become  conflu- 
ent; the  potato  acquires  a  dark-gray  color  and  the  culture  gives  off  an  in- 
tensely disagreeable  odor. 

Pathogene^, — Pure  cultures  rubbed  into  the  skin  of  man  produce,  at 
the  end  of  twenty-four  hours,  intense  itching,  redness,  and  a  vesicular  erup- 
tion about  the  hairs;  at  the  end  of  three  days  small  pustules  are  formed, 
from  which  pure  cultures  mav  be  recovered  (Tommasoli).  Subcutaneous  in- 
jection into  a  rabbit  produced  no  other  result  than  the  formation  of  a  small 
abscess. 

114.   BACILLUS  OF  SCHOU. 

Obtained  by  Schou  (1885)  in  rabbits  suffering  from  vagus  pneumonia 
resulting  from  section  of  the  vagi ;  found  also  in  the  buccal  secretions  of  a 
healthy  rabbit — one  out  of  twentv-five  examined. 

Morphology, — Described  as  elliptical  cocci,  or  diplococci,  or  as  short, 
thick  l»cilli. 

Stains  with  the  aniline  colors  usually  employed,  but  not  by  Gram*s 
method. 

Biological  Characters, — A.n  airobiCy  liquefying,  motile  bacillus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  In  gelatin  plates 
forms  spherical,  opaque,  granular  colonies  having  a  slightly  rough  surface. 
At  the  end  of  twenty-four  hours,  under  the  microscope,  active  movements 
are  observed  in  these  colonies,  which  are  surrounded  by  a  zone  of  divei^ng 
rays.  In  gelatin  stick  cultures  li(^uefaction  quickly  occurs,  and  a  copious 
white  deposit,  consisting  of  bacilli,  is  seen  at  the  bottom  of  the  tube. 

Pathogenesis.^^jire  cultures  injected  into  the  trachea,  the  pleural 
cavity,  or  the  lungs  are  said  to  have  produced  fatal  pneumonia  in  rabbits ;  a 
similar  result  was  obtained  from  inhalation  experiments. 

115.   BACILLUS  NECROPHORUS. 

Obtained  by  Loffler  (1884)  from  rabbits  which  had  been  inoculated  in  the 
anterior  chamber  of  the  eye  with  small  f  ra^fments  of  a  broad  condyloma. 

Morphology. — Bacilli  of  various  lengths,  often  forming  long,  slender, 
wavy  nlaments. 

Biological  Chamcters.—'DoeB  not  grow  in  the  ordinary  culture  media, 
but  may  be  cultivated  in  neutral  rabbit  bouillon;  a  less  favorable  medium  is 
blood  serum  from  the  horse.  When  small  fragments  of  the  organs  of  an 
infected  animal  are  placed  in  rabbit  bouillon  they  become  enveloped,  in  the 
course  of  three  or  four  days,  in  a  cotton-like  mass  of  filaments ;  later  white 
flocculi  are  distributed  tlux>ugh  the  medium,  which  consist  of  similar  fila- 
ments loosely  interlaced.  Tne  filaments  may  present  swellings  here  and 
there,  which  are  supposed  to  represent  involution  forms. 

Pathogenesis. — Kabbits  inoculated  in  the  ear  or  in  the  anterior  chamber 
of  the  eye  with  the  flocculi  from  a  bouillon  culture,  or  with  a  small  frag- 
ment of  one  of  the  organs  of  an  infected  animal,  usually  die  at  the  end  of 
eight  days.  At  the  autopsy  a  necrotic,  cheesy  process  is  found  at  the  point 
of  inoculation,  and  purulent  foci,  surrounded  by  inflamed  or  necrotic  areas. 
in  the  lungs;  also  purulent  collections  in  the  myocardium;  these  were  the 
principal  pathological  changes,  but  sometimes  nodules  were  found  in  the 
abdominal  viscera.  The  slender  bacilli  described  were  found  in  all  of  these 
localized  centres  of  infection .  Pathogenic  also  for  white  mice,  which  usually 
died  in  six  days  after  being  inoculate  subcutaneously. 

116.  BACILLUS  COPROGENBS  FCETIDUS. 

Synonym. — Darmbacillus  of  Schottelius. 

Obtained  by  Schottelius  (1885)  from  the  intestinal  contents  of  pigs  which 
had  died  of  Schweinerothlauf  (rouget). 
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Morphology,  —Resembles  Bacillus  subtilis,  but  is  shorter,  with  rounded 
ends. 

Biological  Characters, — An  aerobic,  non-liquefyina^  non-mofiZe  bacillus. 
Forms  spores  in  presence  of  oxygen  in  the  course  of  three  or  four  days  at 
the  room  temperature;  these  are  oval  in  form  and  are  arranged  in  rows; 
when  they  germinate  this  occurs  in  a  direction  perpendicular  to  their  long 
axis  and  to  that  of  the  filament  in  which  they  developed  ;  as  a  result  of 
this  the  newly  formed  i-ods  lie  parallel  to  each  other.  In  gelatin  stick  cul- 
tures the  growth  upon  the  surface  consists  of  a  thin,  transparent,  grayish 
layer;  alon^  the  line  of  puncture  crowded,  pale-jrellow  colonies  are  de- 
veloped. The  cultures  give  off  an  intense  putrefactive  odor.  TJpon  potato 
a  dry,  grayish  layer  is  formed,  which  may  be  about  0.5  millimetre  in  thick- 


Pathogenesis, — Not  pathogenic  for  mice  or  for  rabbits  when  injected  in 
small  amounts,  but  in  considerable  quantities  causes  fatal  toxaemia  in  rabbits. 

117.   BACILLUS  OXYTOCUS  PERNICIOSUS. 

Obtained  by  Wyssokowitsch  from  milk  which  had  been  standing  for  a 
lone  time. 

Morphology. — Short  bacilli  with  rounded  ends,  somewhat  thicker  and 
shorter  than  the  lactic  acid  bacillus. 

Biological  Characters. — An  aerobic,  non-liquefying  bacillus.  In  gela- 
tin plates  the  deep  colonies  are  small,  spherical,  nnely  granular,  and  of  a 
yellowish   or  brownish-yellow  color.    The  superficial   colonies  are  hemi- 

?>herical  masses  of  a  grayish- white  color— by  transmitted  light,  light-brown, 
hey  may  have  a  diameter  of  one  and  one-half  millimetres. 
In  gdaiin  stick  cultures  the  growth  is  at  first  '* nail-like"  ;  later  it  ex- 
tends over  the  entire  surface  of  the  gelatin.     It  causes  coagulation  of  milk, 
with  a  sour  reaction,  within  twenty-four  hours.    The  cultures  are  without 
odor. 

Pathoaenesis, — Small  doses  are  not  pathogenic  for  mice  or  for  rabbits,  but 
considerable  quantities  injected  into  the  circulation  of  rabbits  cause  their 
death  in  from  three  to  twenty-two  hours.  Soon  after  the  injection  an  abun- 
dant diarrhoea  is  developed.  At  the  autopsy  a  hsemorrhagic  inflammation 
of  the  intestinal  mucous  membrane  is  the  principal  pathological  appearance 
observed. 

118,  BACILLUS  SAPROGENES  IL 

Obtained  by  Rosenbach  (1884)  from  the  perspiration  of  foul-smelling  feet. 

Morphology. — Short  bacilli  with  rounded  ends. 

Biotoaiccu  Characters.  —Altrobic  and  facultative  anaerobic.  Characters 
of  growth  in  gelatin,  motility,  etc. ,  not  given. 

Streak  cultures  upon  the  surface  of  nutrient  agar,  at  the  end  of  twenty- 
four  hours,  cause  the  entire  surface  to  be  covered  with  minute,  transparent 
colonies,  which  later  become  confluent  and  gradually  somewhat  opaque, 
forming  a  viscid,  whitish  gray  layer.  The  odor  of  cultures  resembles  that  of 
perspiring  feet  Causes  putrefaction  of  albuminous  substances  in  the  pre- 
sence of  oxygen,  with  evolution  of  stinking  gases.  In  the  absence  of  oxygen 
putrefactive  changes  also  occurred,  but  less  rapidly. 

Pathogenesis.—When  injected  in  considerable  quantity  into  the  knee 
joint  or  into  the  pleural  cavity  of  rabbits,  the  animals  succumb  in  from  three 
to  five  days. 

119.   BACILLUS  OP  AFANASSIEW. 

Obtained  by  Afanassiew  (1887)  from  mucus  and  masses  of  pus  coughed 
np  by  patients  suffering  from  whooping  cough.  Etiological  relation  not 
demonstrated. 

Jforp/wtogy.— Bacilli  from  0.6  to  2,2  jii  long;  solitary,  in  pairs,  or  in 
abort  chains. 

40 
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Stains  with  the  usual  aniline  colors. 

Biological  Characters. --Pixi  aerobic,  non-liquefying,  motile  bacillus. 
Forms  spores.  Grows  at  the  room  temperature  in  the  usual  culture  media. 
Upon  gelatin  plates  the  colonies  are  spherical  or  oval  and  of  a  liffht-brown 
color;  under  a  low  power  they  are  seen  to  be  finely  granular,  and  later  have 
a  dark-brown  color.  Upon  the  surface  of  gelatin  stick  cultures  a  grayish- 
white  layer  is  formed ;  but  slight  development  occurs  along  the  line  of  punc- 
ture. Upon  the  surface  of  agar  a  thick,  gray  layer  forms  along  the  line  of 
inoculation.  Upon  potato  yellowish,  glistening,  dew-like  d^ps  are  first 
formed  along  the  line  of  inoculation,  and  later  a  rather  thick,  brownish 
layer  is  formed  which  extends  rapidly  over  the  surface.  Development  is 
most  rapid  in  the  incubating  oven. 

Pathogenesis. — According  to  Afanassiew,  pure  cultures  injected  into  the 
air  passages  or  pulmonary  parenchyma,  in  young  dogs  or  in  rabbits,  produce 
bronchial  catarrh,  broncho-pneumonia,  and  attacks  of  spasmodic  coughing 
resembling  those  of  whooping  cough.  Death  sometimes  occurs.  At  the 
autopsy  the  bacillus  is  found  m  great  numbers  in  the  bronchial  and  nasal 
mucus. 

120.    PNEUMOBACILLUS  LIQUBFACIENS  BOVIS. 

Obtained  by  Arloing  from  the  lung  of  an  ox  which  succumbed  to  an  in- 
fectious form  of  pneumonia. 

Morphology. --SlendQT,  short  bacilli,  which  rather  resemble  micrococci 
when  cultivated  in  gelatin. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters.— A.n  aerobic  and  facultative  anaerobic,  liauefy- 
ing,  non-motile  bacillus.  Spore  formation  not  observed ;  is  killed  oy  ex- 
posure for  fifteen  to  twenty  minutes  to  a  temperature  of  55°  C.  Grows  in 
the  usual  culture  media  at  the  room  temperature—better  at  35°  C.  Forms 
white  colonies  in  gelatin  plates,  and  causes  rapid  liquefaction  of  the  gelatin. 
Upon  potato  grows  very  rapidly  as  a  white  layer,  which  later  has  a  brownish 
color. 

Pathogenesis. — From  one-half  to  one  cubic  centimetre  of  a  pure  culture 
injected  beneath  the  skin  of  an  ox,  where  the  connective  tissue  is  loose, 
causes  the  development  of  an  acute  abscess  the  size  of  a  man's  hand  ;  after 
extending  for  two  or  three  days  this  gradually  becomes  smaller  and  recovery 
occurs.  When  larger  quantities  are  mjected  a  fatal  tennination  may  result. 
Guinea-pigs  and  rabbits  are  less  susceptible,  and  dogs  are  said  to  be  immune. 

121.   BACILLUS  PSEUDOTUBERCULOSIS. 

Obtained  by  Pfeiffer  (1889)  from  the  organs  of  a  horse  suspected  of  hav- 
ing glanders  and  killed. 

Morphology. — Rather  thick  bacilli  with  round  ends ;  vary  considerably 
in  length— usually  three  to  five  times  as  long  as  broad. 

Stains  with  f  uchsin  and  Lofller's  solution  of  methylene  blue ;  does  not 
stain  by  Gram's  method. 

Biological  Chaixtcters.—An  aerobic,  non-liquefying,  non-motUe  bacil- 
lus. Spore  formation  not  observed.  Grows  in  the  usual  culture  media  at 
the  room  temperature.  Upon  gelatin  plates,  at  the  end  of  twenty-four 
houre,  the  superficial  colonies  are  small,  yellowish-brown  plates,  which  in- 
crease rapidly  in  diameter ;  under  a  low  power  a  central  papilla  is  oteerved, 
around  which  the  colony  extends  as  a  pale-yellow,  peculiarly  marbled,  crys- 
talline disc  ;  the  deep  colonies  are  at  first  transparent,  sharply  defined  spheres ; 
on  the  third  dav,  under  a  low  power,  they  are  seen  to  nave  a  dark,  finely 
granular  central  portion  surrounded  by  a  transi>arent  zone;  when  not 
crowded  upon  the  plate  they  may  appear  as  yellowish-brown,  finely  granu- 
lar, pear-shaped  or  lemon-shaped  colonies.  In  gelatin  stick  cultures  growth 
occurs  along  the  line  of  puncture  in  the  form  of  grayish-white,  spherical 
colonies,  more  or  less  cix)wded  above,  and  often  isolated  below,  wnere  by 
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transmitted  light  they  are  seen  to  have  a  brownish  color  ;  upon  the  sorfaoe 
a  grayish-white,  concentric  layer  is  formed  about  the  point  of  inoculation  in 
the  course  of  five  or  six  dajrs,  which  later  forms  a  disc  with  thickened  mar- 
gins. Upon  the  surface  of  CLgar  the  growth  along  the  line  of  inoculation  is 
abundant  and  viscid.  Does  not  grow  well  upon  potato.  Upon  blood  serum 
forms  transparent,  drop-like  colonies  which  nave  an  opalescent  appearance. 

Pathogenesis, — Pathogenic  for  rabbits,  guinea-pies,  hares,  wnite  mice, 
and  house  mice.  Death  occurs  in  from  six  to  twenty  oajrs.  At  the  autopsy 
the  lymphatic  glands  are  found  to  be  enlarged  and  to  have  undergone  case- 
ation ;  the  liver  and  spleen  are  enlarged,  the  lungs  oedematous  and  occasion- 
ally contain  tuberculous-looking  nodules.  An  abscess  forms  at  the  point  of 
inoculation.  Bacilli  are  foundin  the  blood,  the  lymphatic  glands,  and  the 
various  organs. 

122.  BACILLUS  GINGIVAE  PYOGENES. 

Synonym, — ^Bacterium  gingivae  ^ivogenes  (Miller'i. 

Obtained  by  Miller  from  an  alveolar  abscess  and  from  deposit  around  the 
teeth  **  in  a  filthy  mouth." 

Morphology, — Short  and  thick  bacilli  with  rounded  ends,  one  to  four 
times  as  long  as  broad ;  occur  singly  or  in  pairs. 

Bioloauxu  Characters. — ^An  aerobic  and  faxsultative  anaerobic,  liquefy- 
ing  bacillus.     Grows  rapidlv  in  the  usual  culture  media.     Upon  gelatin 

Elates  it  forms  spherical  colonies  at  the  end  of  twenty-four  hours,  which 
ave  a  yellowish  color  and  well-defined  marffin;  at  the  end  of  forty-eight 
hours  hquefaction  has  progressed  so  far  that  the  colonies  have  become  con- 
fluent. In  gelatin  stick  cultures  liquefaction  occurs  rapidly  in  the  form  of  a 
funnel,  at  the  bottom  of  which  a  white  deposit  is  formed.  Upon  the  surface 
of  agar  a  thick,  moist  growth  occurs  alon^  the  line  of  inoculation,  which 
under  the  microscope  has  a  slightly  greenish-yellow  tint  and  a  fi.brillated 
structure. 

Pathogenesis. — ^Pathogenic  for  rabbits,  ffuinea-pigs,  and  for  white  mice, 
when  injected  into  the  cavity  of  the  alSomen  in  comparatively  small 
amounts  (0.25  cubic  centimetre).  At  the  autopsy  peritonitis,  sometimes 
purulent,  is  observed.  Death  occurs  in  from  ten  to  twenty-four  hours.  The 
Willi  are  found  in  the  blood  in  small  numbers.  Subcutaneous  injections  in 
the  animals  mentioned  produce  a  local  abscess  only. 

123.  BACILLUS   DENTALIS  VIRIDANS. 

Found  by  Miller  in  the  superficial  layers  of  carious  dentine. 

Morphology. — Slightly  curved  bacilli  with  pointed  ends;  solitary  or  in 
pairs. 

Biological  Characters. — An  aSrobic  and  facultative  anaSrobic^  non- 
liquefying  bacillus.  Spore  formation  not  observed.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  In  gelatin  plates  the  colonies  are 
spherical,  and  under  a  low  power  are  colorless  or  have  a  slightly  yellow  tint ; 
when  not  crowded  they  may  pi'esent  two  or  three  concentric  rings.  In  gela- 
tin stick  cultures  growth  occurs  both  upon  the  surface  and  along  the  line  of 
puncture.  Q«latin  cultures  acquire  an  opalescent-green  color.  Upon  the 
surface  of  agar  a  thin  growth  with  irregular  margins  occurs  alone*  the  impf- 
strich ;  this  is  bluish  by  transmitted  light  and  greenish-gray  by  reflected  li^t 
—colorless  under  the  microscope. 

Pathogenesis. — Injections  into  the  cavity  of  the  abdomen  of  white  mice 
or  of  guinea-pigs  usually  cause  fatal  peritonitis  in  from  one  to  six  days ;  the 
bacilli  are  only  found  in  the  blood  in  small  numbers,  by  the  culture  method. 
Subcutaneous  injections  in  the  animals  mentioned  produce  severe  local  in- 
flammation and  suppuration. 

124.   BACILLUS  PULPJE  PYOGENES. 

Obtained  by  Miller  f rom  ^ngrenous  tooth  pulp. 
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Morpholoay, — Slightly  curved  bacilli  with  pointed  ends;  solitary  or  in 
pairs,  or  in  chains  of  four  to  eight  elements. 

Bioloaical  Characters, — An  aerobic  and  facultative  anaSrobic,  Uquefy- 
ing  bacillus.  Spore  formation  not  observed.  Grows  in  the  usual  culture 
media  at  the  room  temperature.  In  gelatin  plates  large,  spherical,  opaque, 
yellowish-brown  colomes  are  formed.  In  gelatin  stick  cultures  liquefaction 
occurs  in  the  upper  part  of  the  tube  and  gradually  extends  downward,  the 
liquefied  gelatin  being  separated  from  the  non-hquefied  by  a  horizontal 
plane. 

Pathogenesis, — Small  quantities  of  a  pure  culture  injected  into  the  abdo- 
minal cavity  of  white  mice  proved  fatal  to  these  animals  in  from  eighteen  to 
thirty  hours. 

125.   BACILLUS  SEPTICUS  KERATOaiALACI^. 

Obtained  by  Babes  (1889)  from  the  broken-down  corneal  tissues  and  from 
the  various  organs  of  a  child  which  died  of  septicaemia  following  keratoma- 
lacia. 

Stains  with  the  usual  aniline  colors ;  deeply  colored  ^anules  may  often 
be  seen  at  the  extremities  of  the  rods,  or  m  the  midme,  in  preparations 
stained  with  Loffler's  solution. 

Morphology. — Short,  thick  bacilli,  thinning  out  at  the  ends;  often  united 
in  pairs;  may  oe  surroimded  by  a  capsule. 

Biological  Characters,— An  aJl^robic  and  facultative  anaerobic,  non- 
liquefying  bacilluB.  Spore  formation  not  observed.  Grows  in  the  ubuslL 
culture  media  at  the  room  temi>erature.  Upon  gelatin  plates  forms  white, 
slififhtly  elevated,  flat  colonies  with  ^nely  dentate  margins.  In  gekUin  stick 
ciutures  the  growth  is  abundant  both  on  the  surface  and  along  the  line  of 
puncture;  gas  bubbles  are  formed  in  the  gelatin.  Upon  the  surface  of  agar 
the  growth  along  the  line  of  inoculation  is  leaf-like,  finely  dentate,  some- 
what opalescent,  and  the  culture  has  a  sightly  ammoniacal  odor.  Upon 
bloodserum  a  semi-transparent,  glistening  mm  is  formed,  which  has  dentate 
manzins. 

Pathogenesis,— -'PeAhogemc  for  rabbits  and  mice,  less  so  for  birds;  not 
pathogenic  for  guinea-pigs.  The  animals  die  in  from  three  to  seven  days, 
inoculated  into  the  cornea  it  causes  a  purulent  keratitis. 

126.   BACILLUS  SBPTICUS  ACUMINATU8. 

Obtained  by  Babes  (1889)  from  the  blood,  the  umbilical  stump,  and  tlie 
various  organs  of  a  child  wnich  died  five  da3ns  after  birth,  apparently  from 
septic  infection. 

Morphology.  — ^Bacilli  with  lancet-shaped  ends,  somewhat  resembling  the 
bacillus  of  mouse  septicaemia,  but  thicker.  Often  shows  unstained  places  in 
the  middle  of  the  rods  in  stained  preparations. 

Stains  readilv  with  the  usual  aniline  colors.  - 

Biological  Characters.— An  aerobic  l»cillus;  does  not  grow  in  gelatin  at 
the  room  temperature.  Spore  formation  not  observed.  Grows  upon  blo<}d 
serum  and  upon  nutrient  agar  at  37°  C,  in  form  of  small,  flat,  circular, 
transparent,  shining  colonies,  which  become  confluent  and  later  form  a  yel- 
lowish layer.     Blo<xl  serum  is  the  most  favorable  medium. 

Pathogenesis.— Pskthogenic  for  rabbits  and  guinea-pigs,  not  for  mice. 
The  animals  die  in  from  two  to  six  days,  and  the  bacilli  are  foimd  in  their 
blood  and  in  the  various  organs. 

127.   BACILLUS  SEPTICUS  ULCEBIS  OANGR^NOSI. 

Obtained  by  Babes  (1889)  from  the  blood  and  various  organs  of  a  boy  who 
died  from  septicsemia  following  gangrene  of  the  skin,  etc. 

Morphology. — Bacilli  with  roundends,  oval  or  rod-shaped,  about  0.5  to 
0,6  m  thick. 


Digitized  by  CjOOQIC 


NOT  DESCRIBED   IX  PREVIOUS  SECTIONS.  473 

Biological  Charactera.^An  aerobic,  liqiiefying^  motile  bacillus.  Does 
not  form  spores.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
In  gelatin  stick  cultures  a  sac-formed  liquefaction  occurs  and  a  yellow  de- 
posit is  seen  at  the  bottom  of  the  liquefied  gelatin ;  gas  bubbles  are  ^ven  off 
irom  the  culture.  Upon  the  surface  of  agar  development  occurs  along  the 
line  of  inoculation  in  the  form  of  flat,  grayish-yellow,  transparent,  yamish- 
like  plaques.  Upon  potato,  after  several  days,  a  brownish,  shining,  moist, 
transparent  film  is  formed.  Upon  the  surface  of  blood  serum  smooth, 
yellowish,  transparent  colonies  are  formed,  under  which  the  blood  serum  is 
softened,  allowing  these  to  sink  below  the  surface. 

Pathogenesis, — Pathogenic  for  mice  and  for  js^uinea-pigs,  which  die  in 
from  one  to  two  days.  An  abscess  forms  at  the  pomt  of  inoculation,  which 
is  covered  with  a  dry,  retracted  crust. 

128.   BACILLUS  OF  TRICOML 

Obtained  by  Tricomi  (1886)  from  a  case  of  senile  gangrene. 

Morphology, — Bacilli  with  round  ends,  about  three  fi  long  and  one  u 
thick,  solitary  o-  in  pairs;  sometimes  one  end  of  a  rod  shows  a  club-shaped 
thickening. 

Stains  with  the  usmil  aniline  colors  and  by  Gramas  method. 

Biological  Characters,^ An  aJ&rohic,  liquefying ,  non-nu>tile  bacillus. 
Forms  spores.  Grows  in  the  usual  culture  media  at  tiie  room  temperature — 
better  at  ST  C. 

Upon  gelatin  plates^  at  the  end  of  twenty-four  hours,  the  colonies  are 
sphencal,  finely  granular,  and  of  a  dirty-yellow  color  ;  after  from  thirtynsix 
to  fort^-eight  hours  liquefaction  of  the  surrounding  gelatin  occurs.  In  gela" 
tin  stick  cultures  closely  crowded,  small,  white  colonies  are  formed  along 
the  line  of  puncture  ;  at  the  end  of  forty-eight  hours  liquefaction  com- 
mences in  funnel  form,  with  formation  of  an  air  bubble  above — like  the 
cholera  spirillum;  later  the  entire  gelatin  is  liquefied  and  becomes  trans- 
parent, while  a  durty-white  collection  of  bacilli  is  seen  at  the  bottom  of  the 
tube.  Upon  the  surface  of  agar  a  white  layer  with  irregular  margins  is 
formed,  which  later  extends  over  the  entire  surface  as  a  homogeneous,  rather 
thin  membranous  film.  Upon  po^afo,  at  37"*  C,  dirty- white,  milky  colonies 
are  formed,  which  later  become  confluent.  Upon  blood  serum  the  growth  is 
similar  to  that  upon  agar. 

Pathogenesis, — ^The  subcutaneous  injection  of  one-half  to  one  cubic  centi- 
metre of  a  gelatin  cultiire  is  said  by  Tricomi  to  produce  in  rabbits  and  in 
guinea-pigs  a  gangrenous  process  resembling  senile  gangrene  in  man.  The 
subcutaneous  connective  tissue  is  infiltrated  with  a  foul-smelling  serum,  the 
muscles  are  soft  and  gray,  and  a  x>ortion  of  the  skin  has  a  mummified  ap- 
pearance. The  gangrene  extends  over  the  abdomen,  and  death  occurs  m 
guinea-pigs  in  two  to  three  days,  in  rabbits  after  four  days,  in  house  mice 
at  the  end  of  twenty-four  hours;  white  mice  are  said  to  be  immune. 

129.   BACILLUS  ALBUS  CADAVERIS. 

Obtained  by  Strassmann  and  Strieker  (1888)  from  the  blood  of  two  cada- 
vers four  days  after  death. 

Morphology. — Bacilli  about  two  and  one-half  m  long  and  0.76  m  broad; 
also  grow  out  into  filaments  of  six  M  or  longer. 

Stains  with  the  usual  aniline  colors  and  by  Gramas  method. 

Biological  Characters,  —An  aerobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  Grows  in  the  usual  culture  media  at  the  room  tem- 
perature. In  gelatin  plates  small,  spherical,  yellowish  colonies  are  formed 
during  the  first  twenty-four  hours;  later  a  raduating  outgrowth  occurs  from 
the  periphery,  and  liauefaction  of  the  gelatin  takes  place.  In  gelatin  stick 
cultures  liquefaction  be^ns  within  forty-eight  hours,  and  forms  a  long  fun- 
nel, at  the  opening  of  which  is  a  cavity  containing  air  ;  the  liquefied  gela- 
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tin  is  transparent,  and  a  deposit  of  thick,  granular  masses  aocumulates  at  the 
bottom  of  tne  tube.  Upon  the  surface  of  agar  a  thick,  white  layer  is  formed, 
which  later  is  wrinkled  and  after  a  time  gives  off  a  putrefactive  odor.  Grela- 
tin  cultures  give  off  an  odor  of  sulphuretted  hydrocen.  Upon  pofcrfo  a  soft, 
white  or  pale-yellow  layer  is  formed,  which  in  places  is  made  up  of  small 
granules.     The  potato  around  the  growth  has  a  bluish-brown  color. 

Paf^ogrenesia.— Subcutaneous  mjection  of  a  small  quantity  (0.1  cubic 
centimetre)  of  a  liquefied  gelatin  culture  is  fatal  to  mice  in  about  six  hours; 
the  animals  become  comatose  before  death,  and  at  the  autopsy  putrefactive 
changes  are  already  observed ;  the  bacillus  can  be  recovered  from  the  blood 
in  cultures.  Sterilized  cultures  also  prove  fatal  to  mice.  Pathogenic  also 
for  guinea-pigs,  which  die  in  about  twenty  hours  after  receiving  a  subcuta- 
neous inoculation. 

130.   BACILLUS  VARICOSUS  CONJUNCTIVA. 

Obtained  by  Qombert  (1889)  from  the  healthy  conjunctival  sac  of  man. 

Morphology n — Large  bacilU  with  round  ends,  from  two  to  eight  /<  loiiir 
and  aliout  one  //  broad;  the  shorter  bacilli  are  often  constricted  in  the 
middle. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters, — An  airobic  and  facultative  anaerobic,  liquefy- 
ing, non-motile  bacillus.  Grows  very  slowly  in  nutrient  gelatin  at  22  G. ; 
rapidlv  in  agar  and  upon  potato  at  37''  C.  In  gelatin  stiae  cultures,  at  the 
end  or  twenty-four  hours,  a  circular  layer  having  a  grayish-white  centre  is 
developed  upon  the  surface,  and  a  scarcely  visible  grayish-white  thread  along 
the  line  of  puncture.  Li<}uefaction  extends  gr^uallv  from  the  surface 
without  clouding  or  changing  the  gelatin,  so  that  at  the  end  of  two  weeks 
the  gelatin  is  entirely  liquefied  without  giving  any  other  evidence  of  the  pre- 
sence of  the  microorganism.  Upon  apar  plates,  at  37''  C,  the  deep  colonies 
have  a  diameter  of  about  four  millimetres  by  the  end  of  the  fourth  day ; 
under  a  low  power  they  are  seen  to  be  covered  with  minute,  irregular,  thoiii- 
like  projections,  which  subsequently  increase  in  size;  the  centre  of  the  colony 
is  granular  and  opaque.  The  superiicicd  colonies,  under  a  low  power,  are  seen 
to  nave  an  opaque  central  nucleus  surrounded  by  a  yellowish,  finely  granu- 
lar, transparent  peripheral  zone;  later  the  cenlral  portion  is  irregular  and 
semi-opaque,  surrounded  by  a  broad  marginal  zone  which  consists  of  twisted 
and  bent  tapering  offshoots  having  a  dark  contour.  Upon  the  surface  of 
agar  a  thin,  white,  dry,  very  adherent  film  is  formed ;  a  thick,  white  film 
forms  upon  the  surface  of  tiie  condensation  water.  Upon  potato  develop- 
ment is  rapid  at  37''  C,  forming  at  first  a  dry,  white  layer,  which  at  the  end 
of  ten  days  covers  the  entire  surface ;  it  then  has  an  irregular  surface  and 
fringed  margins,  is  smooth,  dry,  and  after  a  time  has  a  reddish-brown  color. 

Pathogenesis. — When  inoculated  into  the  cornea  of  rabbits  a  grayish- 
white  cloudiness  is  developed  in  twenty-four  hours,  around  which  the  oomea 
is  highlv  vascular;  the  animal  recovers  without  th^  formation  of  an  abscess. 
Injected  into  the  conjunctiva  it  causes  an  intense  hyperaemia. 

131.    BACILLUS   MENINGITIDIS   PURULENT^, 

Obtained  by  Neumann  and  Schaffer  (1887)  from  pus  from  beneath  the  pia 
mater  in  an  individual  who  died  of  purulent  meningitis. 

Morphology.— Bacilli  about  two  ta  long  and  0.6  to  0.7 M  broad;  often 
grow  out  into  long  filaments,  especially  in  gelatin  cultures. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Biological  Characters.— An  aerMc  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature — ^better  in  the  incubating  oven.  Upon 
gelatin  plates  the  deep  colonies,  under  a  low  power,  are  homogeneous,  round 
or  oval,  pale  brown,  and  witii  a  smooth  contour;  the  superficial  colonies  are 
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tbin,  moist,  and  transparent  in  appearance ;  later  they  have  a  grayish  color, 
a  coarsely  granular  surface,  and  are  made  up  of  flap-like  lasers.  In  gelatin 
stick  ctdlurea  the  superficial  growth  consists  of  hroad,  grayish  layers,  and  a 
grayish-yellow  growth  is  seen  along  the  line  of  punctmre,  made  up  of  crowded 
colonies.  Upon  <igar  plates,  at  the  end  of  twenty-four  hours  at  37*  C, 
thin  colonies  are  developed,  which  have  a  granular  surface,  a  smooth,  more 
or  less  irregular  outline,  and  a  pale-hrown  color  in  the  centre.  Upon  potato 
a  scanty,  moist,  white  layer  develops  along  tiie  line  of  inoculation.  Upon 
blood  serum,  at  37''  C,  at  the  end  of  twenty-four  hours  a  moist,  shining  layer 
about  four  millimetres  broad  is  developed  along  the  impf strich ;  tliis  is  gra- 
nular at  the  margins,  and  later  more  or  less  fissured. 

Pathogenesis. — Subcutaneous  injection  produces  in  dogs,  rabbits,  guinea- 
pigs,  and  white  mice  a  purulent  inflammation  in  the  vicinity  of  the  point  of 
moculation. 

132.   BACILLUS  SEPTICUS  VESICAE. 

Obtained  by  Clado  (1887)  from  the  urine  of  a  person  suffering  from  cys- 
titis. 

Morphology. — Bacilli  with  round  ends,  1.6  to  2  jn  long  and  0.5  //  thick; 
never  united  in  pairs  or  chains. 

Stains  with  tne  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters, —An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Forms  spores.  &rows  in  the  usual  culture 
media  at  the  room  temperature.  Upon  gelatin  plates  small,  spherical  or 
oval  colonies  are  developed  throughout  the  gelatin,  w^hich  rarely  exceed  the 
size  of  a  pin's  head  ;  these  are  transparent,  and  yellowish-white  in  color  ; 
under  a  low  power  the  centre  is  seen  to  be  dark  gray  and  is  siurounded  by  a 
well-defined  marginal  zone  of  a  pale-yellow  color.  In  gelatin  stick  cultures 
the  growth  along  the  line  of  puncture  is  first  seen  as  a  delicate,  whitisli 
thread  ;  at  the  end  of  six  or  seven  days  it  is  made  up  of  lenticular  colonies, 
one-third  as  large  as  a  pin's  head,  arranged  in  two  lines  like  piles  of  coin. 
Upon  the  surface  the  growth  is  scanty  and  consists  of  a  thin  layer  around  the 
point  of  inoculation,  which  has  a  jagged  ctmtour.  Upon  the  siu-face  of  apar 
development  is  slow  and  forms  a  grayish- white  stripe  along  the  impf  strich. 
Upon  potaio  a  fiat,  dry,  chestnut-brown  layer  is  formed. 

P({lhogenesis, — Pathogenic  for  rabbits,  guinea-pigs,  and  mice.  Death 
appears  to  result  from  the  toxic  products  formed,  as  well  as  from  the  multi- 
plication of  the  bacilli  in  the  inoculated  animals. 

133.    BACILLUS   OF  GESSNER. 

Synonym, — Bacterium  tholoideum  (Gessner). 

Obtained  by  Gessner  from  the  contents  of  the  intestine  of  healthy  persons. 
Besembles  in  its  morphology  and  in  its  growth  in  culture  media  Bacillus 
lactis  aerogenes  of  Escherich. 

Pathogenic  for  mice  and  for  guinea-pigs. 

134.    BACILLUS  CHROMO-AROMATICUS. 

Obtained  by  Galtier  (1888)  from  a  pig  which  died  from  a  general  infec- 
tious malady  characterized  by  broncho-pneumonia,  pleuritis,  enteritis,  and 
swelling  of  the  lymphatic  glands. 

Morphology. — Bacilli  of  medium  size  with  rounded  ends. 

Statns  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing, mottle  bacillus.  Not  observed  to  form  spores.  Grows  in  the  usual  cul- 
ture media  at  the  room  temperature — better  in  the  incubating  oven.  The 
cultures  all  produce  a  green  or  brown  pigment  and  have  an  aromatic  odor. 
In  gelatin  tiick  cultures  a  yellowish- white  layer  is  formed  upon  the  surface 
of  the  liquefied  gelatin,  which  has  a  bright-green  color  ;  a  yellowish-white 
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depNOsit  accumulates  at  the  bottom  of  the  tube.  Upon  the  surface  of  a^ar 
whitish  colonies  are  formed,  which  coalesce  to  form  a  thin  layer.  U[>on 
potato  a  tolerably  thick,  somewhat  iridescent,  brown  layer  is  formed,  which 
extends  over  the  entire  surface.  In  bouillon,  at  the  end  of  twenty-four  to 
forty-eijpht  hours  at  S?"*  C,  a  greenish-yellow  color  is  developed,  first  near 
the  siu*mce  and  later  extending  throughout  the  fluid,  which  acquires  the  color 
of  a  dilute  solution  of  sulph^  of  copper  ;  a  whitish  fllm  forms  upon  the 
surface.     In  anaerobic  cultures  the  color  is  a  pale  brown  instead  of  green. 

Pathogenesis, — Rabbits  die  at  the  end  of  two  to  three  weeks  after  receiv- 
ing an  intravenous  injection.  At  the  autopsy  they  are  found  to  have  pneu- 
monia with  pleuritis  and  pericarditis. 

135.   BACILLUS  CANALIS  CAPSULATUS. 

Obtained  by  Mori  (1888)  from  sewer  water. 

Morphology, — Bacilli  with  round  ends,  elliptical  or  rod-shape  in  form, 
and  from  0.9  to  1.6  /i  thick  ;  often  surrounded  with  a  broad  capsule,  which 
is  always  seen  in  preparations  from  the  blood  or  tissues  of  an  infected  ani- 
mal ;  sometimes  in  pairs  with  the  acute  ends  of  the  rods  in  apposition,  and 
surrounded  by  a  single  capsule. 

Stains  with  the  usual  aniline  colors^  but  not  by  Gram's  method. 

Biological  Characters. — An  aerobic  and  Jxwultative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Spore  formation  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
hemispherical,  porcelain-white,  sharply  defined  colonies,  resembhng  those  of 
Friedlander's  bacillus,  are  developed  at  the  end  of  twenty-four  hours.  In 
gelatin  stick  cultures  development  occurs  along  the  line  of  puncture  and 
upon  the  surface,  forming  a  **  nail-shaped  "  growth  similar  to  tnat  of  Fried- 
lander's  bacillus  (Bacillus  pneumonia^  in  tne  same  medium.  Upon  agar 
a  viscid  and  abundant  growth  is  formed  in  the  mcubating  oven  at  S?"*  C. 
Upon  potato  an  abundant  development  in  the  form  of  a  yellowish,  moist,  vis- 
cid layer,  vrith  irregular  outlines.  In  bouillon,  at  the  end  of  three  or  four 
davs,  a  white  film  forms  on  the  surface,  especially  in  contact  with  the  test 
tube. 

Pathogenesis. — Mice  die  in  two  to  three  days  after  receiving  a  subcutane 
ous  injection.     Guinea-pigs  and  rabbits  are  immune. 

136.   BACILLUS  CANALIS  PABVUS. 

Obtained  by  Mori  (1888)  from  sewer  water. 

3forp/k)Zo^2^.— Bacilli  with  round  ends,  from  2  to  5  i<  long  and  0.8  to  1  /i 
broad. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram*s  method  ;  the 
ends  of  the  rods  are  more  deeply  stained  than  the  central  portion. 

Biological  Characters. — An  aerobic,  non-liquefying ,  non-motile  bacil- 
lus. Not  observed  to  form  spores.  Grows  very  slowly  at  the  room  tempera- 
ture— more  rapidly  at  37*  C.  Upon  gelatin  plates,  at  the  end  of  two  to  three 
weeks,  extremely  minute,  homogeneous,  pale-yellow  colonies  are  developed. 
In  gelatin  stick  cultures  a  thin,  yellowish  layer  forms  upon  the  surface  at 
the  end  of  three  weeks.  Upon  the  surface  of  agar,  at  37"  C,  a  dry,  yellow- 
ish layer  with  jagged  outlines  is  developed  in  two  or  three  days.  No  growth 
occurs  upon  potcuo.  Upon  blood  serum  a  thin,  pale-green,  dry  layer  is 
formed. 

Pathogenesis. — Mice  die  in  from  sixteen  to  thirty  hours  after  receiving  a 
subcutaneous  inoculation,  guinea-pigs  in  about  two  days. 

137.   BACILLUS  INDIGOGENUS. 

Obtained  by  Alvarez  (1887)  from  an  infusion  of  the  leaves  of  the  indigo 
plant. 

Morphology, — Bacilli  with  round  ends,  about  3  ^  long  and  1.5  /<  thick, 
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ofteu  united  in  chains  of  six  to  eiffht  elements.  The  cells  are  surrotinded  by 
a  transparent  capsule  resembling  that  of  Friedlander's  bacillus. 

Biological  Characters, — ^An  aerobic,  motile  bacillus.  Upon  oaar,  at 
37*  C,  a  yellowish-white  layer  is  quickly  developed  and  there  is  production 
of  gas.  According  to  Alvarez,  this  bacillus  develops  an  indigo-blue  color  in 
a  sterilized  infusion  of  the  leaves  of  the  indigo  plant. 

Pathogenesis, — Guinea  pigs  die  in  from  three  to  twelve  hours  from  the 
intravenous  injection  of  a  pure  culture. 

138.   BACILLUS  OF  KARTULIS. 

Obtained  by  Koch  (1883)  and  by  ICartulis  from  the  conjunctival  secre- 
tions of  persons  suffering  from  a  form  of  infectious  catarrhal  conjunctivitis 
which  prevails  in  Egjrpt. 

Morphology^ — ^Resembles  the  bacillus  of  mouse  septicsdmia  (Bacillus  mu- 
nsepticus)  in  its  form  and  dimensions. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  a&robic  bacillus.  Does  not  grow  in  nutri- 
ent gelatm  at  the  room  temperature.  Upon  the  surface  of  nutrient  agar,  at 
28'  to  30"  C,  at  the  end  of  thirtjr  to  forty  hours  small,  grayish-white  points 
are  developed  along  the  impf strich  ;  later  these  become  confluent  and  form 
an  elevated,  shining,  dark-colored  layer  with  irregular  and  often  jagged 
ma^ns. 

Pattiogenesis.^-^ui  of  six  experimental  inoculations,  with  pure  cultures, 
made  by  Kartulis  in  the  eyes  of  nealthy  individuals,  four  gave  a  negative 
result,  one  produced  a  catarrhal  inflammation  lasting  for  a  week,  in  an  eye 
which  was  blind  from  a  previous  attack  of  sclerochoroiditis,  and  one  a  con- 
junctivitis lasting  for  ten  days  in  a  perfectly  healthy  eye. 

139.   BACILLUS  OF  UTPADEL. 

Obtained  by  Utpadel  (1887)  from  the  wards  of  a  military  hospital  at  Augs- 
burp — in  the  **  Zwischendeckenfiillung  " ;  al^  by  Gl^ssner  from  the  contents 
of  the  small  intestine  in  man. 

Morphology. — Bacilli  with  round  ends,  1.25  to  1.5  /<  long  and  0.75  to  1 ;« 
thick  ^  often  united  in  pairs  or  in  chains  of  three  elements. 

Biological  Characters. — An  aerobic,  non-liquefying^  mottle  bacillus. 
Grows  in  the  usual  culture  media  at  the  room  temperature.  Spore  forma- 
tion not  observed.  Upon  gelatin  plates  the  superficial  colonies  are  elevated 
and  sometimes  conical,  and  of  a  milk-white  color.  The  deep  colonies  are 
round  or  oval ;  the  centre  is  dark  green  and  is  surrounded  by  a  brownish- 
peen  peripheral  zone.  ^Vp^  t^©  surface  of  agar  a  yellowish-white  layer 
13  developed  very  slowly.     The  growth  upon  gelatin  is  rapid. 

Pathogenesis. — When  injected  subcutaneously  into  cats,  guinea-pigs,  or 
mice  it  pl^oduce8  an  extensive  inflammatory  oedema,  resulting  in  the  death 
of  the  animals. 

140.   BACILLUS  ALVEL 

Synonym. — Bacillus  of  foul  brood  (of  bees). 

Ootained  by  Cheshire  and  Cheyne  (1885)  from  the  larvsB  in  hives  infected 
with  "  foul  brood."  The  larvae  in  the  interior  of  cells  in  the  comb  die  and 
become  almost  fluid  as  a  result  of  parasitic  invasion  by  this  bacillus. 

Morphology. — Bacilli  Mrith  rounded  ends,  from  2.5  to  5  /<  in  length  (aver- 
age about  3.6  /<)  and  0.8  u  in  diameter.  Grow  out  into  filaments  and  form 
1^^  oval  spores  which  have  a  greater  diameter  than  the  rods  in  which  they 
are  developed — 1.07  n. 

Stains  readily  with  the  aniline  colors  usually  employed,  also  by  Gramas 
method. 

Biological  Characters. — ^An  airobic  and  facultatix^  anaerobic j  liquefy- 
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ina,  motile  bacillus.  Forms  endogenous  spores.  Grows  readily  in  the  usual 
culture  media  at  the  room  temperature. 

In  gelatin  plates  small,  round  or  oval  colonies  are  formed,  which  later 
become  pear-shaped;  a  branching  outgrowth  occurs  about  the  margins  of  the 
colonies,  and  especially  from  the  small  end  of  the  pear-shaped  mass.  In 
streak  cultures  upon  the  surface  of  eelatin  growth  occurs  first  along  the  impf- 
strich,  and  from  this  an  outgrowi£  occurs  consisting  of  bacilli  in  a  single 
row  or  in  several  i>arallel  rows,  and  forming  irreguuur  or  circular  figures, 
from  which  other  similar  outgrowths  occiu",  3ie  branching  outgrowths  may 
anastomose.  The  gelatin  is  hquefied  in  the  vicinity  of  these  lines  of  growth, 
forming  a  network  of  channels.  A  similar  growth  is  seen  upon  the  surface 
of  gelatin  stick  cultures^  and  alonff  the  line  of  puncture  white,  irregular 
masses  are  formed,  from  which  rather  coarse  branches  are  given  off  which 
often  have  a  club-shaped  extremity.  In  older  cultures  the  finer  branches 
disappear,  so  that  the  secondary  centres  of  fi^rowth  are  disconnected  from  the 
original  colonies;  complete  liquefaction  of  the  gelatin  occurs  in  about  two 
weeks ;  the  liquefied  gelatin  has  a  yellowish  color  and  peculiar  odor.  Upon 
the  surface  of  nutrient  agar,  at  37°  C. ,  a  white  layer  is  formed.  Upon  potato 
the  development  is  slow  and  results  in  the  formation  of  a  dry,  yellowish 
layer.  In  miUc  coagulation  first  occurs,  and  the  coagulum  is  subseauently 
dissolved;  a  slightly  acid  reaction  is  produced.  This  bacillus  grows  oest  in 
the  incubating  oven  at  37°,  and  does  not  develop  at  temperatures  below  16' 
C.  The  spores  require  for  their  destruction  a  temperature  of  100**  C.  main- 
tained for  four  minutes  (determined  by  the  writer,  1887;. 

Pathogenesis. — The  introduction  of  pure  cultures  of  this  bacillus  into 
hives  occupied  by  healthy  swarms  causes  them  to  become  infected  with  foul 
brood ;  grown  bees  also  become  infected  when  given  food  containing  the  ba- 
cillus (Cheshire).  Mice  injected  subcutaneously  with  a  considerable  quan- 
tity die  within  twenty-four  hours,  guinea-pigs  in  six  days  (Eisenberg). 
Small  amounts  injectea  beneath  the  skin  of  mice  or  rabbits  produce  no  appa- 
rent result. 

141,  BACILLUS  OF  ACNE  CONTAGIOSA  OP  HORSES. 

Obtained  by  Dieckerhoff  and  Grawitz  (1885)  from  pus  and  dried  scales 
from  the  pustules  of  ^*  acne  conta^osa  ^'  of  horses. 

Morpnology, Short  rods,  straight  or  slightlv  bent,  0.2  ft  in  diameter. 

Stains  best  with  an  aqueous  solution  of  luchsin,  and  also  by  Gram  s 
method ;  does  not  stain  well  with  Loffler^s  alkaline  solution  of  methylene 
blue. 

Biological  Characters.  — An  aerobic,  non-liqusfying  bacillus.  In  gelatin 
stick  cultures  a  very  scantv  growth  occurs  along  the  bne  of  puncture;  upon 
the  surface  a  white  mass  forms  about  the  point  of  puncture.  Upon  mood 
serum  and  nutrient  a^ar  an  abundant  growth  at  the  end  of  twenty-four 
hours  at  37°  C,  consisting  of  white  colonies  along  the  impfstrich,  which 
later  have  a  yellowish-gray  color.  The  growth  is  more  abundant  and  rapid 
upon  blood  serum  than  upon  other  media. 

Pathogenesis. — Pure  cultures  of  the  bacillus  described  are  said  by  Diecker- 
hoff  and  Grawitz  to  produce  typical  acne  pustules  when  rubbed  into  the  skin 
of  horses,  calves,  sheep,  and  dogs.  When  rubbed  into  the  intact  skin  of 
guinea-pigs  a  phlegmonous  erysipelatous  inflammation  was  produced,  and 
the  animal  died  at  the  end  of  forty-eight  hours  with  symptoms  of  toxaemia. 
Subcutaneous  injections  in  guinea-pigs  caused  toxaemia  and  death  at  theend 
of  twenty-four  hours.  At  the  autopsy  a  haemorrhaflic  infiltration  of  the  in- 
testinal mucous  membrane  was  observed ;  the  bacilli  were  not  found  in  the 
internal  organs.  In  rabbits  pure  cultures  rubbed  into  the  intact  skin  caused 
a  development  of  pustules  and  a  severe  inflammation  of  the  subcutaneous 
connective  tissue,  from  which  the  animal  usually  recovered.  Subcutaneous 
injections  in  rabbits  sometimes  caused  a  fatal  toxaemia.  House  mice,  field 
mice,  and  white  mice  were  not  affected  by  the  application  of  cultures,  by 


Digitized  by  CjOOQIC 


NOT  DESCRIBED  IK  PREVIOUS  SECTIONS.  479 

rubbing,  to  the  uninjured  skin,  but  succumbed  to  subcutaneous  injections  in 
twenty-four  hours  or  between  the  fifth  and  tenth  days.  Those  which  died 
at  a  late  date  presented  the  patholc^ical  appearances  whieh  characterize 
pyaemia. 

142.   BACILLUS  NO.   I  OF  ROTH. 

Obtained  by  Roth  (1890)  from  old  rags.  Besemblee  Bacillus  coli  com- 
munis and  Brieger's  bacillus  in  its  morphology  and  growth  in  various  culture 
media,  but,  according  to  Roth,  is  distinj^ished  from  these  bacilli  by  the  fact 
that  colonies  u{)on  gelatin  plates  are  thicker  and  more  opaque. 

Paf/iogrene«w.— -Pathogenic  for  rabbits  and  for  guinea-pigs  when  injected 
into  the  cavity  of  the  al^omen;  death  usually  occurs  within  twenty-four 
hours.  The  snleen  is  greatly  enlarged,  and  the  bacilli  are  found  in  cultures 
from  the  blood  and  various  organs. 

143.   BACILLUS  NO.    II  OP  ROTH, 

Obtained  by  Roth  j;i890)  from  old  rags. 

Morphology, — ^BacUli  with  round  ends,  0.6  to  1  /*  broad  and  two  to  four 
times  as  lon^. 

Stains  with  the  usual  aniline  colors.  When  stained  by  Gram's  method 
it  is  decolorized  by  alcohol. 

Biological  Cnara^ters. — An  a^obic  and  fa^cultative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Grows  in  the  usual  culture  media  at  the 
room  temperature.  Upon  gelatin  plates  colonies  resembling  those  of  the 
colon  bacillus  ai*e  developed  at  the  end  of  twenty-four  hours ;  on  the  third 
dajr  small,  drop-like,  shining,  bluish-white  colonies,  around  the  periphery  of 
which  a  commencing  extension  upon  the  surface  of  the  gelatin  is  seen.  Older 
colonies  are  seldom  more  than  one-half  centimetre  in  diameter,  and  are  some- 
what thicker  than  this ;  they  are  nearly  transparent.  Upon  the  surface  of 
gelcUin  stick  cultures  a  rather  moist,  yellowish-white  layer  with  dentate 
margins  is  developed.  Upon  potato  a  colorless  layer  is  developed,  which 
later  haa  a  grayish  color. 

Pathogenic  for  rabbits  and  guinea-pigs  when  injected  into  the  abdominal 
cavity. 

144.  BACILLUS  OF  OKADA. 

Obtained  by  Okada  (1891)  from  dust  between  the  boards  of  a  floor. 

Morphology. — Short  rods  with  round  ends,  about  as  lon^  as  Bacillus 
murisepticus,  out  somewhat  thicker — about  twice  as  long  as  tnick ;  solitary 
or  in  pairs;  in  old  cultures  may  grow  out  into  filaments. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Biological  Characters. — An  a^obic  and  fa^cuJtative  anaerobic,  non- 
liqtiefying,  non-^motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  Upon  gelatin  plates,  at  the  end  of 
two  to  three  days,  small,  white,  spherical  colonies  are  developed.  Under 
the  microscope  these  are  seen  to  be  granular,  pale-brown  in  color,  and  with 
slightly  jagged  margins ;  the  superficial  colonies  after  several  days  are  con- 
siderably elevated  above  the  level  of  the  gelatin.  In  gelatin  stick  cultures 
development  occurs  as  a  white  thread  along  the  line  of  puncture,  and  upon 
the  surface  as  a  fiat,  milk-white  layer  which  does  not  extend  to  the  walls  of 
the  test  tube.  Upon  a^ar,  at  %V  Cf. ,  the  growth  is  rapid  and  the  surface  is 
nearly  covered  at  the  end  of  eighteen  hours  with  a  milk-white  layer ;  the  con- 
densation water  is  filled  with  a  viscid  mass  of  bacilli.  Upon  blood  serum 
the  growth  is  shining  and  almost  transparent.  In  bouillon  development  is 
rapid,  clouding  the  fluid  throughout,  and  a  cream-like  layer  forms  upon  the 
surface. 

Pa^fcogcn««t8.— Rabbits  and  guinea-pigs  die  in  about  twenty  hours  after 
receiving  a  subcutaneous  injection  of  a  half-syringeful  of  a  bouillon  cul- 
ture, or  irom  a  small  quantity  (two  ose)  from  a  gelatin  or  agar  culture.    la 
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mice  a  minute  quantity  of  a  pure  culture  invariably  proved  fatal  in  about 
twenty  hours.  Four  hours  after  the  inoculation  an  abundant  secretion  from 
the  lachrymal  glands  occurs,  and  soon  after  the  eyes  become  completely  closed. 
Accoidin^  to  Okada,  this  bacillus  is  differentiated  from  the  bacillus  of 
Briefer,  and  from  Emmerich's  bacillus  which  it  greatly  resembles,  by  the 
fact  that  it  does  not  grow  upon  potato. 

145.   BACILLUS  OF  PURPURA  HJSMORRHAQICA  OP  TIZZONI  AND 

GIOVANNINL 

Obtained  by  Tizzoni  and  Giovannini  (1889)  from  the  blood  of  two  children 
who  died  of  purpura  haemorrhagica  following  impetigo. 

Morpholoqy, — Bacilli  with  round  ends,  from  0.75  to  1.3  /i  long  and  0.2 
to  0.4  /<  broad ;  often  seen  in  pairs  or  in  eroups  like  streptococci. 

Stains  vrith  the  usual  anilme  colors,  but  not  by  Gram's  method. 

Biological  Characters,— An  aerobic  and  facultative  anaerobic,  nan- 
liquefying^  non-motile  bacillus.  Spore  formation  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  the 
colonies  at  first  resemble  those  of  Streptococcus  pyogenes.  Upon  tne  surface 
small,  opaque  points  are  seen  at  the  end  of  forty-eight  hours,  which  at  the 
end  of  four  to  five  days  develop  into  spherical,  yellowish-CTay  colonies  with 
irregular  margins,  surrounded  oy  a  growth  resembling  tiilts  of  curly  hair. 
Upon  agar  the  growth  is  similar,  but  more  rapid  and  of  a  pale  color,  often 
with  a  central  nucleus  surrounded  by  a  net-like  maivinid  zone.  Upon 
blood  serum  the  growth  is  similar  to  that  upon  agar.  Upon  potato^  at  37 
C,  a  limited  development  occurs  about  the  point  of  inoculation,  which  has 
a  dark-yellow  color.    The  cultures  ffive  off  a  very  penetrating  odor. 

Pathoaenesis. — ^Pathoffenic  for  aogs,  rabbits,  and  guinea-pigs  when  in- 
jected subcutaneously.  Not  pathogenic  for  white  mice  or  pigeons.  The 
symptoms  resulting  from  a  subcutaneous  injection  are  said  to  he  fever,  al- 
buminuria and,  in  some  cases,  anuria,  hsemorrhagic  spots  upon  the  sldn, 
convulsions  ;  death  occurs  in  from  one  to  three  days.  At  the  autopsy  there 
are  found  oedema  about  the  point  of  inoculation,  haemorrhages  in  the  skin  and 
muscles,  and  sometimes  in  the  internal^  organs  and  in  serous  cavities ;  the 
blood  does  not  coagulate.  The  bacilli  are  found  in  the  subcutaneous  con- 
nective tissue,  but  not  in  the  blood  or  in  tlie  various  organs.  Sections  show 
coagulation  necrosis  of  the  liver  cells  and  of  the  renal  epithelium. 

146.   BACILLUS  OF  PURPURA  HEMORRHAGICA  OF  BABES. 

Obtained  by  Babes  (1890)  from  the  spleen  and  lungs  of  an  individual  who 
died  from  purpura  haemorrhagica  with  symptoms  of  septicaemia.  Besembles 
the  bacillus  previously  described  by  Tizzoni  and  Giovannini,  and  still  more 
that  of  Kolb;  but,  according  to  Babes,  differs  in  some  respects  from  both  of 
these,  although  they  all  belong  evidently  to  the  same  group. 

Morphology. — ^Bacilli  with  rounded  ends,  oval  or  pear-shaped,  about  0.3  m 
thick,  surrounded  by  a  narrow  capsule. 

Stains  with  the  aniline  colors,  but  not  deeply,  and  still  less  intensely  by 
Gram's  method. 

Biological  Charax^ters. — ^An  alrobic  and  facultative  anaerobic,  non- 
liquefying  J  non-motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  In  gelatin  stick  cultures^  at  the 
end  of  three  days,  a  thin,  transparent,  irregular  layer  has  developed  upon 
the  surface,  and  a  whitish,  punctate  stripe  slong  the  line  of  inoculation.  In 
agar  stick  cultures  an  abundant  development  occurs  along  the  line  of  punc- 
ture, and  at  the  end  of  three  days  the  growth  upon  the  surface  consists  of 
small,  moist,  transparent  drops;  later  of  larger,  flat,  shining,  yellowish- 
white  plaques  whicn  have  ill-defined  margins.  Upon  blood  serum  the  de- 
velopment is  somewhat  more  abundant  in  the  form  of  small,  white,  moist 
colonies  one  to  two  millimetres  broad.  Upon  potato^  at  the  end  of  three 
days,  moist,  whitish  drops  with  ill-defined  margins. 
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Pathogenesis. — Inoculations  in  the  conjunct! vaB  of  rabbits  produce  ecchy- 
moses  of  the  conjunctiva.  At  the  autopsy  numerous  haemorrna^c  extrava- 
sations are  found  in  all  the  organs,  especially  in  the  lungs  and  liver;  the 
spleen  is  enlarged ;  the  bacilli  can  be  recovered  in  pure  cultures  from  the 
various  or^ns.  Old  cultures  proved  to  have  lost  their  virulence.  Patho- 
genic for  mice,  which  die  from  general  infection  in  the  course  of  a  few  davs ; 
the  spleen  is  enlarged,  and  haemorrhages  in  the  serous  membranes  are  usually 
seen. 

147.   BACILLUS  OF  PURPURA  HEMORRHAGICA  OF  KOLB. 

Obtained  by  Kolb  (1891)  from  the  various  organs  of  three  individuals 
who  died  in  from  two  to  four  days  from  attacks  characterized  by  suddenly 
developed  fever,  purpura,  and  albuminous  urine. 

Morphology.— OvbI  bacilli,  usually  in  pairs,  0  8  to  1.5  m  long  and  O.S/i 
broad,  surrounded  by  a  narrow  capsule,  which  is  only  seen  distinctly  in 
preparations  from  the  orpins. 

Stains  with  the  anilme  colors,  but  not  deeply,  and  still  more  feebly  by 
Gram's  method. 

Biological  Characters.  — An  aerobic  and  facultative  anaerobic^  non- 
liquefying  non-motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  In  gelatin  stick  cultures,  at  the  end 
of  four  days,  a  very  small,  thm,  hyaline  growth  is  seen  about  the  point  of 
inoculation.  The  development  is  more  abundant  along  the  line  of  puncture. 
Upon  the  surface  of  agar  a  thin  layer  is  formed  with  smooth  margins. 
Upon  potato^  at  the  end  of  three  to  four  days,  a  whitish,  moist,  shining  stripe 
is  seen  along  the  impfstrich  which  is  about  three  millimetres  broad. 

Pathogenesis. — Injections  of  0.5  to  1  cubic  centimetre  of  a  bouillon 
culture  into  the  abdominal  cavity  of  rabbits  cause  symptoms  of  general  in- 
fection in  the  course  of  a  few  days,  and  not  infrequently  haemorrhage  ex- 
travasations are  seen  in  the  ear  muscles.  More  than  one  cubic  centimetre 
may  cause  death  in  from  one  to  three  days.  At  the  autopsy  haemorrhagic 
extravasations  are  found  in  the  subcutaneous  tissues  and  in  the  serous  and 
mucous  membranes.  The  blood  has  little  disposition  to  coagulate;  the 
bacillus  may  be  recovered  in  pure  cultures  from  the  various  organs.  In 
guinea-pigs  local  ecchymoses  are  sometimes  produced,  otherwise  not  patho- 
^nic  for  this  animal.  Pathogenic  for  mice,  which  die  from  general  infec- 
tion, after  being  inoculated  with  a  small  quantity  of  a  pure  culture,  in  from 
two  to  three  days;  spleen  enlarged;  lymphatic  glands  often  haemorrhagic. 
Not  fatal  to  dogs,  but  animals  which  were  inoculated  with  one  cubic  centi- 
metre of  a  bouillon  culture  and  subsequently  killed  proved  to  have  haemor- 
rhagic extravasations  in  the  various  organs. 

148.   BACILLUS  HEMINECROBIOPHILU8. 

Obtained  by  Arloing  (1889)  from  a  caseous  lymphatic  gland  in  a  guinea-pig. 

Morphology. — Bacilli  which  vary  greatly  in  length  and  are  sometimes  so 
short  as  to  resemble  micrococci  (**  polymorphous");  usually  from  one  to 
four  u  long;  in  anaerobic  cultures  from  eight  to  twenty  u. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  slightly  motile  bacillus.  Spore  formation  not  observed.  Grows 
papicDy  in  the  usual  culture  media — ^best  in  the  incubating  oven  at  35°  C. 
The  growth  upon  the  surface  of  gelatin  has  a  yellowish  color.  Upon  potato 
a  yellowish-white  layer  is  developed. 

Pathogen^esis. — According  to  Arloing,  this  bacillus  is  not  pathogenic  when 
iniected  into  healthy  tissues  in  dogs,  sheep,  guinea-pigs,  and  rabbits,  but 
when  the  tissues  have  previouslvbeen  injured  it  produces  a  local  oedema  and 
necrotic  changes,  accompanied  hj  gas  formation.  This  is  not  peculiar  to  the 
microoi^ganism  describea  by  Arloing,  which  appears  to  be  one  of  the  Proteus 
group. 
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Strictly  anaerobic  bacilli  are  not  able  to  multiply  in  the  blood 
of  li\4ng  animals ;  but  some  of  them  may  multiply  in  the  subcuta- 
neous connective  tissue  or  in  the  muscles,  when  introduced  by  in- 
oculation, and  are  pathogenic  because  of  the  local  inflammatory  or 
necrotic  processes  to  which  they  give  rise,  or  because  they  produce 
soluble  toxic  substances  which  are  absorbed  and  cause  death  by 
their  special  action  upon  the  nervous  system  or  by  general  toxaemia. 

149.    BACILLUS  TETANI. 

Synonyms. — The  baciUus  of  tetanus  ;  Tetanusbacillus,  Oer, 

Nicolaier  (1884)  produced  tetanus  in  mice  and  rabbits  by  intro- 
ducing garden  earth  beneath  their  skin,  and  showed  that  the  disease 
might  be  transmitted  to  other  animals  by  inoculations  with  pus  or 
cultures  in  blood  serum  containing  the  tetanus  bacillus,  which,  how- 
ever, he  did  not  succeed  in  obtaining  in  pure  cultures.  Carle  and 
Rattone  (1884)  showed  that  tetanus  is  an  infectious  disease,  which 
may  be  transmitted  by  inoculation  from  man  to  lower  animals — a 
fact  which  has  since  been  verified  by  the  experiments  of  Rosenbach 
and  others.     Obtained  in  pure  cultures  by  Kitasato  (1889). 

The  writer  produced  tetanus  in  a  rabbit  in  1880  by  injecting  be- 
neath its  skin  a  little  mud  from  the  street  gutters  in  New  Orleans. 
The  tetanus  bacillus  appears  to  be  a  widely  distributed  microorgan- 
ism in  the  superficial  layers  of  the  soil  in  temperate  and  especially  in 
tropical  regions.  In  Nicolaier  s  experiments  it  was  not  found  in  soil 
from  forests  or  in  the  deeper  layers  of  garden  earth. 

^Morphology, — Slender,  straight  bacilli,  with  roimded  ends, 
which  may  grow  out  into  long  filaments.  Spores  are  developed  at 
one  extremity  of  the  bacilli,  which  are  spherical  in  form  and  consid- 
erably greater  in  diameter  than  the  rods  themselves,  giving  the 
spore-bearing  bacilli  the  shape  of  a  pin. 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 
The  method  of  Ziehl  may  be  employed  for  double-staining  bacilli  and 
spores. 
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Biological  Charctcters. — ^An  anaerobic,  liquefying,  motile 
bacillus.  Forms  spores.  Grows  at  the  room  temperature,  in  the 
absence  of  oxygen,  in  the  usual  culture  media.  Grows  best  at  a 
temperature  of  36°  to  38°  0.;  in  nutrient  gelatin,  at  20°  to  25°  C, 
development  is  first  seen  at  the  end  of  three  or  four  days  ;  does  not 
grow  at  a  temperature  below  14°  C.  Spores  are  formed  in  cultures 
kept  in  the  incubating  oven  at  36°  C,  at  the  end  of  thirty  hours  ; 
in  gelatin  cultures  at  20°  to  25°  C,  at  the  end  of  a  week  (Kitasato). 
The  bacilli  exhibit  voluntary  movements  which  are  not  very  active  ; 
those  containing  spores  are  not  motile.  It  may  be  cultivated  in  an 
atmosphere  of  hydrogen,  but  does  not  grow  in  the  presence  of  oxy- 
gen— strictly  anaerobic — or  in  an  atmosphere  of  carbon  dioxide. 
The  addition  of  one  and  one-half  to  two  per  cent  of  grape  sugar  to 
nutrient  agar  or  gelatin  causes  the  development  to  be  more  rapid 


Flo.  159. 


Fio.  160. 


Fio.  ISO.— Tetannfl  baciUus,  from  a  Kelatin  culture,  x  1,000.  From  a  photomicrogrraph  by 
Pfeiffer. 

Fig.  100.— TetanusbaclUuB,  from  an  agar  culture ;  spore-bearing  rods,  x  1 ,000.  From  a  photo- 
micrograph by  Pfeiffer. 

and  abundant.     The  culture  medium  should  have  a  feebly  alkaline 
reaction. 

Colonies  in  gelatin  plates,  in  an  atmosphere  of  hydrogen,  re- 
semble somewhat  colonies  of  Bacillus  subtilis,  the  opaque  central 
portion  being  surrounded  by  a  circle  of  diverging  rays  ;  liquefaction 
is,  however,  much  slower,  and  the  resemblance  is  lost  after  a  short 
time.  Older  colonies  resemble  the  colonies  of  certain  microscopic 
fungi,  being  made  up  of  diverging  rays.  In  long  gelatin  stick  cul- 
tures development  occurs  along  the  line  of  puncture,  at  a  consid- 
erable distance  below  the  surface,  in  the  form  of  a  radiate  out- 
growth ;  the  gelatin  is  slowly  liquefied,  and  a  small  amount  of  gas  is 
at  the  same  time  formed.  In  peptonized  bouillon  having  a  slightly 
alkaline  reaction,  under  hydrogen  gas,  the  development  is  abundant 
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and  the  cultures  give  oflE  a  characteristic  odor — "  brenzlichen  Gre- 
ruch  "  (Kitasato). 

According  to  Kitasato,  blood  serum  is  not  a  very  favorable  me- 
dium for  the  growth  of  the  tetanus  bacillus,  and — contrary  to  the 

statement  of  Kitt,  Tizzoni,  and  others — 
it  does  not  cause  liquefaction  of  this 
medium. 

The  spores  of  the  tetanus  bacillus  re- 
tain their  vitality  for  months  in  a  desic- 
cated condition,  and  are  not  destroyed  in 
two  and  one-half  months  when  present 
in  putrefying  material  (Turco).  They 
withstand  a  temperatiire  of  80°  C.  main- 
tained for  an  hour,  but  are  killed  by 
five  minutes'  exposure  to  steam  at  100°  C. 
They  are  not  destroyed  in  ten  hours  by 
a  five-per-cent  solution  of  carbolic  acid, 
but  did  not  grow  after  fifteen  hours'  ex- 
posure in  the  same  solution.  A  five- 
per-cent  solution  of  carbolic  acid,  to 
which  0.5  per  cent  of  hydrochloric  acid 
has  been  added,  destroys  them  in  two 
hours  ;  in  sublimate  solution  containing 
1  ;  1,000  of  mercuric  chloride  they  are 
destroyed  at  the  end  of  three  hours,  or 
in  thirty  minutes  when  0.5  per  cent  of 
hydrochloric  acid  is  added  to  the  solu- 
tion* Kitasato  succeeded  in  obtaining 
pure  cultures  from  the  pus  formed  in 
the  vicinity  of  inoculation  wounds,  by 
destroying  the  associated  bacilli  after 
the  tetanus  bacilli  had  formed  spores. 
This  was  eflfected  by  heating  cultures  from  this  source  for  about  an 
hour  at  a  temperature  of  80°  C.  The  spores  of  the  tetanus  bacillus 
survived  this  exposure,  and  colonies  were  obtained  from  them  in  flat 
flasks  especially  devised  for  anaerobic  cultures  ;  from  these  colonies 
pure  cultures  in  nutrient  agar  or  gelatin — ^long  stick  cultures — or  in 
peptonized  bouillpn  were  easily  obtained. 

Brieger  (1886)  first  succeeded  in  obtaining  from  impure  cultures 
of  the  tetanus  bacillus  a  crystaUizable  toxic  substance,  called  by  him 
tetanin,  which  was  found  to  kill  small  animals  in  very  minute  doses 
and  with  the  characteristic  symptoms  of  tetanus.  More  recently 
Kitasato  and  Weyl  have  obtained  the  same  substance,  by  following 
Brieger's  method,  from  a  pure  culture  of  this  bacillus.     From  a 


Fza.  161.— Culture  of  Bacillus  tetanl 
in  nutrient  gelatin.    (Kitaaato.) 
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bouillon  made  from  one  and  one-f ourih  kilogrammeB  of  lean  beef,  with 
the  addition  of  twenty-five  grammes  of  peptone,  they  obtained  1.7118 
grammee  of  hydrochlorate  of  tetanin.  This  proved  fatal  to  white 
mice  in  six  hours  in  the  dose  of  0.05  gramme,  and  a  dose  of  0.105 
gramme  caused  characteristic  tetanic  convulsions  and  death  within 
an  hour.  The  bacteriologists  last  named  also  obtained  from  their 
cultures  the  tetanotoxin  of  Brieger.  Two  mice  were  inoculated  sub- 
cutaneously  with  0.003  gramme  of  this  substance ;  one  died  at  the 
end  of  five  hours  without  the  development  of  tetanic  symptoms ; 
the  other  survived.  In  addition  to  these  substances,  indol,  phenol, 
and  butyric  acid  were  demonstrated  to  be  present  in  cultures  of  the 
tetanus  bacillus. 

According  to  Eitasato,  the  tetanus  bacillus  does  not  become  at- 
tenuated in  its  pathogenic  potency  by  cultivation  in  artificial  media, 
as  is  the  case  with  many  other  pathogenic  bacteria.  The  more 
recent  researches  of  Brieger  and  Frankel,  and  of  Kitasato,  show  that 
the  toxic  ptomaine  discovered  by  Brieger  in  1886  is  not  the  substance 
to  which  cultures  of  the  tetanus  bacillus  owe  their  great  and  pecu* 
liar  path(^enic  power.  The  distinguished  German  chemist  and  his 
associate  have  succeeded  in  isolating  from  tetanus  cultures  a  toxaU 
bumin  which  is  far  more  deadly  than  tetanin. 

Pathogenesis. — The  experiments  of  Kitasato  (1889)  show  that 
pure  cultures  of  the  tetanus  bacillus  injected  into  mice,  rabbits,  or 
guinea-pigs  produce  typical  tetanic  symptoms  and  death.  As  the 
presence  of  this  bacillus  at  the  seat  of  injury,  in  cases  of  tetanus  in 
man,  has  now  been  demonstrated  by  numerous  observers,  there  is 
no  longer  any  question  that  tetanus  must  be  included  among  the 
traumatic  infectious  diseases,  and  that  the  bacillus  of  Nicolaier  and 
of  Kitasato  is  the  specific  infectious  agent.  Kitasato's  recently  pub- 
lished experiments  (1890)  show  that  cultures  of  the  tetanus  bacillus 
which  have  been  sterilized  by  filtration  through  porcelain  produce 
the  same  symptoms,  and  death,  in  the  animals  mentioned,  as  result 
from  inoculation  with  cultures  containing  the  bacillus.  It  is  evi- 
dent, therefore,  that  death  results  from  the  action  of  a  toxic  sub- 
stance produced  by  the  bacillus.  This  is  further  shown  by  the  fact 
that  the  bacillus  itself  cannot  be  obtained  in  cultures  from  the  blood 
or  organs  of  an  animal  which  has  succumbed  to  an  experimental  in- 
oculation with  an  unfiltered  culture;  but  the  blood  of  an  animal 
killed  by  such  an  inoculation  contains  the  tetanus  poison,  and  when 
injected  into  a  mouse  causes  its  death  with  tetanic  symptoms. 

When  a  platinimi  needle  is  dipped  into  a  pure  culture  of  the 

tetanus  bacillus  and  a  mouse  is  inoculated  with  it  subcutaneously, 

the  animal  invariably  falls  sick  within  twenty-four  hours  and  dies  of 

typical  tetanus  in  two  or  three  days.     Rats,  guinea-pigs,  and  rabbits 

41 
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are  killed  in  the  same  way  by  somewhat  largfer  quantities — 0.3  to  0.5 
cubic  centimetre  (Kitasato).  Pigeons  are  very  slightly  susceptible. 
The  tetanic  symptoms  are  first  developed  in  the  vicinity  of  the  point 
of  inoculation ;  if  the  animal  is  inoculated  in  the  posterior  portion  of 
the  body  the  hind  legs  first  show  tetanic  contraction,  if  in  the  fore 
part  of  the  body  the  muscles  of  the  neck  are  first  affected.  At  the 
autopsy  there  is  a  certain  amount  of  hyperaBmia  at  the  point  of  in- 
oculation, but  no  pus  is  formed ;  in  inoculations  with  garden  earth, 
or  accidental  inoculations  in  man,  pus  is  commonly  found  in  the 
vicinity  of  the  inoculation  wound.  The  various  organs  are  normal 
in  appearance.  Kitasato  says  that  he  has  not  been  able  to  demon- 
strate the  presence  of  the  bacillus  or  of  spores  in  the  spinal  marrow, 
the  nerves,  muscles,  spleen,  liver,  lungs,  kidneys,  or  blood  from  the 
heart;  nor  has  he  been  able  to  obtain  cultures  from  the  various 
organs.  In  mice  which  were  inoculated  at  the  root  of  the  tail 
Kitasato  was  able  to  demonstrate  the  presence  of  the  bacilli  at 
the  point  of  inoculation  by  the  microscopical  examination  of  an 
excised  piece  of  the  tissues  for  eight  to  ten  hours  after  the  inocula- 
tion ;  later  than  this  they  were  not  found.  In  pus  from  the  inocu- 
lation wounds  of  men  and  animals  accidentally  infected  the  bacilli 
are  present,  but  the  formation  of  spores  does  not  always  oc- 
cur. According  to  Kitasato,  the  sooner  death  has  occurred  after 
accidental  inoculation  the  less  likely  are  spores  to  be  found  in  the 
rods,  but  from  pus  in  which  no  spores  are  seen  cultures  of  the 
baciUus  may  be  obtained  in  which  spores  will  develop  in  the  usual 
manner. 

Guinea-pigs  are  even  more  susceptible  to  the  tetanus  poison  than 
mice,  and  rabbits  less  so.  The  amount  of  filtrate  from  a  slightly 
alkaline  bouillon  culture  required  to  kill  a  mouse  is  extremely  minute 
— 0.00001  cubic  centimetre  (Kitasato).  The  tetanic  symptoms  are  de- 
veloped within  three  days  ;  if  the  animal  is  not  affected  within  four 
days  it  escapes  entirely.  The  tetanus  poison  is  destroyed  by  a  tem- 
perature of  65°  C.  maintained  for  five  minutes,  or  60°  for  twenty 
minutes,  or  55°  for  an  hour  and  a  half  ;  in  the  incubating  oven  at 
37°  C.  it  gradually  loses  its  toxic  potency ;  in  diffuse  daylight,  also, 
its  toxic  power  is  gradually  lost ;  in  a  cool,  dark  place  it  retains  its 
original  potency  indefinitely  ;  in  direct  sunlight  it  is  completely  de- 
stroyed in  from  fifteen  to  eighteen  hours  ;  it  is  not  injured  by  being 
largely  diluted  with  distilled  water ;  it  is  destroyed  in  an  hour  by 
hydrochloric  acid  in  the  proportion  of  0.55  per  cent ;  terchloride  of 
iodine  destroys  it  in  the  proportion  of  0.5  per  cent,  cresol  in  1  per 
cent — one  hour's  exposure.  In  general  it  is  destroyed  by  acids  and 
by  alkalies.  Blood  serum  from  cattle,  horses,  sheep,  rabbits,  rats,  or 
guinea-pigs  does  not  modify  its  toxic  properties. 
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Recent  researches  by  Tizzoni  and  Cattani  show  that  tetanus 
spores  preserved  upon  silk  threads  become  attenuated  after  a  time 
when  preserved  in  a  dark  place  in  free  contact  with  the  air.  Very 
virulent  cultures  liquefy  gelatin,  give  off  a  very  disagreeable  odor, 
and  have  a  decidedly  alkaline  reaction.  Less  virulent  cultures 
quickly  acquire  an  acid  reaction.  Cultures  of  which  the  virulence 
is  very  much  attenuated  grow  more  rapidly  and  abundantly  than 
virulent  cultures  and  produce  more  gas — in  hydrogen  at  37°  C. ;  they 
do  not  liquefy  gelatin  and  have  no  odor.  In  attenuated  cultures  de- 
generation forms  are  often  seen,  and  the  spores  are  frequently  elon- 
gated or  almost  rod-shaped.  Cultures  preserved  in  various  gases 
for  thirteen  to  fourteen  months  invariably  become  attenuated. 

Immunity. — Kitasato  was  not  able  to  produce  immunity  in  mice 
by  inoculations  with  minute  doses  of  the  poison,  or  with  a  filtrate 
which  had. been  exposed  to  various  degrees  of  temperature  by  which 
its  activity  was  diminished  or  destroyed.  But  immunity  lasting  for 
about  two  months  was  produced  in  rabbits  by  inoculating  them 
with  the  filtrate  from  a  culture  of  the  tetanus  bacillus  and  subse- 
quently, in  the  same  locality,  with  three  cubic  centimetres  of  a  one- 
per-cent  solution  of  terchloride  of  iodine ;  this  last  solution  was  in- 
jected subcutaneously  in  the  same  dose  at  intervals  of  twenty-four 
hours  for  five  days.  Of  fifteen  rabbits  treated  in  this  way  six  proved 
to  be  immune  against  large  doses  of  a  virulent  culture  of  the  tetanus 
baciUus.  The  same  treatment  was  not  successful  in  producing  im- 
munity in  mice  or  guinea-pigs,  but  the  important  discovery  was 
made  that  a  small  quantity  of  blood  (0.2  cubic  centimetre)  from  an 
immune  rabbit,  when  injected  into  the  abdominal  cavity  of  a  mouse, 
gave  it  immunity  from  the  effects  of  inoculations  with  the  tetanus 
bacillus.  Moreover,  mice  which  were  first  inoculated  with  a  virulent 
culture  of  the  bacillus,  and,  after  tetanic  symptoms  had  appeared,  re- 
ceived in  the  cavity  of  the  abdomen  an  injection  of  blood  serum  from 
an  immune  mouse,  were  preserved  from  death.  The  power  of  the 
blood  of  an  immune  animal  to  neutralize  the  tetanus  poison  was  f  ur-^ 
ther  shown  by  mixing  the  filtrate  from  a  virulent  culture  with  blood 
serum  from  an  immune  animal  and  allowing  it  to  stand  for  twenty- 
four  hours ;  a  dose  three  hundred  times  greater  than  would  have 
suflSced  to  kiU  a  mouse  proved  to  be  without  effect  after  such  admix- 
ture with  blood  serum— as  before  stated,  the  blood  serum  of  animals 
which  are  not  immune  has  no  effect  upon  the  poison.  The  duration 
of  immunity  induced  in  this  way  was  from  forty  to  fifty  days. 
Blood  serum  from  an  immune  rabbit,  preserved  in  a  cool,  dark  room, 
retains  its  power  of  neutralizing  the  tetanus  poison  for  about  a  week, 
after  which  time  it  gradually  loses  it.  Having  found  that  chickens 
have  a  natural  immunity  against  tetanus,  Eitasato  made  experiments 
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to  ascertain  whether  their  blood  serum  would  also  neutralize  the 
tetanus  poison;  the  result  was  negative. 

That  the  tetanus  poison  is  present  in  the  blood  of  individuals  who 
die  from  tetanus  has  been  proved  by  Kitasato  by  injecting  a  small 
quantity  (0.2  to  0.3  cubic  centimetre)  of  blood  from  the  heart  of  a 
fresh  cadaver  into  mice;  the  animals  develop  typical  tetanic  symp- 
toms and  die  in  from  twenty  hours  to  three  days. 

Tizzoni  and  Cattani  have  recently  (1891)  reported  results  similar 
to  those  obtained  by  Kitasato.  By  repeated  inoculations  with  grad- 
ually increasing  doses  of  the  tetanus  poison  they  succeeded  in  mak- 
ing a  dog  and  two  pigeons  immime,  and  found  that  blood  serum 
from  this  immune  dog,  in  very  small  amount,  completely  destroyed 
the  toxic  power  of  a  filtrate  from  cultures  of  the  tetanus  bacillus — 
one  to  two  drops  of  serum  neutralized  0.5  cubic  centimetre  of  filtrate 
after  fifteen  to  twenty  minutes'  contact.  They  also  ascertained  that 
small  amounts  of  blood  serum  from  this  immune  dog  injected  into 
other  dogs  or  white  mice  produced  immunity  in  these  animals ;  but 
they  were  not  able  to  produce  immunity  in  guinea-pigs  or  rabbits  by 
the  same  method. 

In  a  later  communication  (May,  1891)  Tizzoni  and  Cattani  give 
an  account  of  their  experiments  made  with  a  view  to  determining 
the  nature  of  the  substance  in  the  blood  serum  of  an  immune  animal 
which  has  the  power  of  destroying  the  toxalbumin  of  tetanus — "  tet- 
anus antitoxin.''  They  found,  in  the  first  place,  that  this  antitoxin 
in  blood  serum  is  destroyed  in  half  an  hour  by  a  temperature  of  08^ 
C. ;  further,  that  it  does  not  pass  through  a  dialyzing  membrane ; 
that  it  is  destroyed  by  acids  and  alkaUes.  As  a  result  of  their  re- 
searches they  conclude  that  it  is  an  albuminous  substance  having  the 
nature  of  an  enzyme. 

Vaillard  has  succeeded  in  producing  immunity  in  rabbits  by  re- 
peated injections  into  the  circulation  of  filtered  c^iltures — ^in  all 
twenty  cubic  centimetres — ^which  had  been  exposed  for  one  hour  to 
a  temperature  of  60°  C.  At  a  temperature  of  65°  C.  both  the  toxic 
and  the  immunizing  action  is  destroyed. 

150.   BACILLUS  CEDEMATIS  MALIGNI. 

Synonyms. — Bacillus  of  malignant  oedema;  Vibrion  septique 
(Pasteur). 

Discovered  by  Pasteur  (1877);  carefully  studied  by  Koch  (1881). 
This  bacillus  is  widely  distributed,  being  found  in  the  superficial 
layers  of  the  soil,  in  dust,  in  putrefying  substances,  in  the  blood  of 
animals  which  have  been  sujfifocated  (by  invasion  from  the  intestine), 
in  foul  water,  etc. 

It  may  usually  be  obtained  by  introducing  beneath  the  skin  of  a 
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rabbit  or  a  guinea-pig  a  small  quantity  of  garden  earth.  The  animal 
dies  within  a  day  or  two,  and  this  bacillus  is  found  in  the  bloody 
serum  effused  in  the  subcutaneous  connective  tissue  for  a  consider- 
able distance  about  the  point  of  inoculation. 

Morphology.— BsLciUi  from  3  to  3.5  /x  long  and  1  to  1.1  M  broad; 


Fio.  182.— BacOlus  cddematls  mAllgni,  from  subcutaneous  connectiTe  tissue  of  inoculated 
iniinea-iKig.    x060.-  CBaumgarten.) 
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frequently  united  in  pairs,  or  chains  of  three  elements ;  may  grow 
out  into  long  filaments  15  to  40  /x  long — ^these  are  straight,  or  bent 
at  an  angle,  or  more  or  less  curved.    They  resemble  the  bacillus  of 
anthrax,  but  axe  not  quite  as  broad,  have 
rounded  ends,  and  in  stained  preparations 
the  long  filaments  are  not  segmented  as  is 
the  case  with    the   anthrax    bacillus.    By 
Loffler's  method  of  staining  they  are  seen  to 
have  flagella  arranged  around  the  periphery 
of  the  cells.     Large,  oval  spores  may  be  de- 
veloped in  the  bacilli  (not  in  the  long  fila- 
ments), which  are  of  greater  diameter  than 
the  rods,  and  produce  a  terminal  or  central 
swelling  of  the  same,  according  to  the  loca- 
tion of  the  spore. 

Stains  readily  by  the  aniline  colors  usu- 
ally employed,  but  is  decolorized  when  treated  by  Gram's  method. 
In  stained  preparations  the  long  filaments  may  present  a  somewhat 
granular  appearance  from  unequal  action  of  the  staining  agent. 

Biological  Characters, — A  strictly  anaerobiCy  liquefying,  mo- 
tile  bacillus.    Forms  spores.     Grows  in  the  usual  culture  media 


Fio.  l<n.— Badllns  OBdema- 
tis  mallgnt,  from  an  agar  cul- 
ture, showing  spores.  X  1,000 
From  a  photomicrograph. 
(Frankel  and  Pfelffer.) 
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when  oxygen  is  excluded — ^in  an  atmosphere  of  hydrogen.  Grows 
at  the  room  temperature — better  in  the  incubating  oven  at  37°  C. 
The  spores  are  formed  most  abundantly  in  cultures  kept  in  the  in- 
cubating oven,  but  may  also  be  formed  at  a  temperature  of  20°  C. 
In  the  bodies  of  animals  which  succumb  to  an  experimental  inocula- 
tion no  spores  are  found  immediately 
after  death,  but  the  bacilli  multiply  rap- 
idly in  the  cadaver,  and  form  spores 
when  the  temperature  is  favorable. 

The  malignant- oedema  bacillus  may 
be  cultivated  in  ordinary  nutrient  gela- 
tin, but  its  development  is  more  abun- 
dant when  one  to  two  per  cent  of  grape 
sugar  has  been  added  to  the  culture 
medium.  In  deep  stick  cultures  in  this 
medium  development  occurs  at  firet  only 
near  the  bottom  of  the  line  of  puncture  ; 
the  gelatin  is  liquefied  and  has  a  grapsh- 
white,  clouded  appearance  ;  an  abimdant 
development  of  gas  occiirs,  and  as  this 
accumulates  the  growth  and  liquefaction 
of  the  gelatin  extend  upward.  A  very 
characteristic  appearance  is  obtained 
when  the  baciUi  are  mixed  in  a  test 
tube  with  gelatin  which  has  been  liquefied  by  heat,  and  which  is  then 
allowed  to  solidify.  Spherical  colonies  are  developed,  in  the  course 
of  two  or  three  days,  in  the  lower  portion  of  the  gelatin  ;  these  are 
filled  with  liquefied  gelatin  of  a  grayish-white  color,  and  when  ex- 
amined with  a  low  power  are  seen  to  be  permeated  with  a  network 
of  filaments,  while  the  periphery  presents  a  radiate  appearance.  In 
nutrient  agar  growth  also  occurs  at  the  bottom  of  a  deep  pimc- 
ture ;  it  has  an  irregular,  jagged  outline  and  a  granular  appearance; 
the  considerable  development  at  the  deepest  portion  and  gradual 
thinning  out  above  give  the  growth  a  club  shape  ;  in  the  incubating 
oven  there  is  an  abundant  development  of  gas,  which  often  splits  up 
the  agar  medium  and  forces  the  upper  portion  against  the  cotton 
stopper.  An  abundant  development  of  gas  also  occurs  in  cultures 
in  hlood  serum,  and  the  medium  is  rapidly  liquefied  ;  at  a  tempera- 
ture of  37°  it  is  changed  in  a  few  days  to  a  yellowish  fluid,  at  the 
bottom  of  which  some  irregular,  corroded  fragments  of  the  solidified 
serum  may  be  seen.  In  agar  plates,  placed  in  a  close  receptacle 
from  which  oxygen  is  excluded,  cloudy,  dull- white  colonies  are 
formed  which  have  irregular  outlines  and  under  the  microscope 
are  seen  to  be  made  up  of  branching  and  interlaced  filaments  radi- 


Fio.  IM.— Bacillus  oedematis  ma- 
lignl,  cultures  in  nutrient  gelatin;  a, 
long  stick  culture;  5,  colonies  at  bot- 
tom of  gelatin  tube.    C^'^^iggs) 
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ating  from  the  centre.  Cultures  of  the  malignant-oedema  bacillus 
give  oflf  a  peculiar,  disagreeable  odor,  which  cannot,  however,  be 
designated  as  "  putrefactive.'' 

Pathogenesis. — Pathogenic  for  mice,  guinea-pigs,  rabbits,  and, 
according  to  Kitt,  for  horses,  d(^,  goats,  sheep,  calves,  pigs,  chick- 
ens, and  pigeons.  According  to  Arloing  and  to  Chauveau,  cattle  are 
immune.  The  disease  is  rarely  developed  except  as  a  result  of  ex- 
perimental inoculations,  but  horses  occasionally  have  malignant 
oedema  from  accidental  inoculation,  and  cases  have  been  reported 
in  man — '^gangrdne  gazeuse."  A  small  quantity  of  a  pure  cul- 
ture injected  beneath  the  skin  of  a  susceptible  animal  gives  rise  to 
an  extensive  inflammatory  oedema  of  the  subcutaneous  connective 
tissue  and  of  the  superficial  muscles,  which  extends  from  the  point 
of  inoculation,  especially  towards  the  more  dependent  portions  of 
the  body.  The  bloody  serum  effused  is  without  odor  and  contains 
Uttle  if  any  gas.  But  when  malignant  oedema  results  from  the  in- 
troduction of  a  little  garden  earth  beneath  the  skin  of  ^  guinea-pig  or 
other  susceptible  animal,  the  effused  serum  is  frothy  and  has  a  pu- 
trefactive odor,  no  doubt  from  the  presence  of  associated  bacteria. 
Injections  into  the  circulation  do  not  give  rise  to  malignant  oedema, 
unless  at  the  same  time  some  bacilU  are  thrown  into  the  connective 
tissue.  While  small  animals  usually  die  from  an  experimental  in- 
oculation with  a  moderately  small  quantity  of  a  pure  culture,  larger 
ones  (dogs,  sheep)  frequently  recover.  At  the  autopsy,  if  made  at 
once,  the  bacilli  are  found  in  great  numbers  in  the  effused  serum, 
but  not  in  blood  from  the  heart  or  in  preparations  made  from  the 
parenchyma  of  the  various  organs ;  later  they  may  be  found  in  all 
parts  of  the  body  as  a  result  of  post-mortem  multiplication.  This 
applies  to  rabbits  and  to  guinea-pigs,  but  not  to  mice  ;  in  these  little 
animals  the  bacilli  may  find  their  way  into  the  blood  during  the  last 
hours  of  life,  and  their  presence  may  be  demonstrated  in  smear  prepa- 
rations of  blood  from  the  heart  or  from  the  parenchyma  of  the  spleen 
or  liver.  In  mice  the  spleen  is  considerably  enlarged,  dark  in  color, 
and  softened ;  in  rabbits  and  guinea-pigs  less  so.  With  this  excep- 
tion the  internal  organs  present  no  very  notable  pathological  changes. 

Animals  which  recover  from  malignant  oedema  are  said  to  be 
subsequently  immune  (Arloing  and  Chauveau).  Roux  and  Cham- 
berlain have  shown  that  immunity  may  be  induced  in  guinea-pigs  by 
injecting  filtered  cultures  of  the  malignant-oedema  bacillus  (about 
one  hundred  cubic  centimetres  of  a  bouillon  culture  in  three  doses) 
into  the  abdominal  cavity ;  or,  better  still,  by  the  injection  of  fil- 
tered serum  from  animals  which  have  recently  succumbed  to  an  ex- 
perimental inocidation  (one  cubic  centimetre  repeated  daily  for 
even  or  eight  days). 
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151.   BACILLUS  CADAVERIS. 

Obtained  by  the  writer  (1889)  from  pieces  of  liver  and  kidney,  from  yel- 
low-fever cadavers,  which  had  been  preserved  for  forty-eight  hours  in  an 
antiseptic  wn^ping,  at  the  summer  temperature  of  Havana;  also  in  two 


J 


4      ^: 


k^  *'  I 


Fio.  185.— Bacillus  oadaveiis;  amear  preparation  from  lirer  of  yeUow-ferer  cadaTer,  kepi 
twentj-four  houn  In  an  antiaepCio  wrapping,    x  1,000.   From  a  pfaotomiorograpti.    CBternberg.) 

cases  from  pieces  of  yellow-fever  liver  immediately  after  the  autopsy;  also 
from  liver  preserved  in  an  antiseptic  wrapping  from  comparative  autopsies 
made  in  Baltimore. 

Morphology. — Large  bacilli  with  square  or  slightly  rounded  comers, 
from  1.5  to  4  ;u  in  length  and  about  1.2  ;u  broad;  frequently  associated  in 

pairs;  may  grow  out  mto straight  or 
slightly  curved  filaments  of  from  5 
to  15  /i  in  lenfifth. 

BiologiccuCharcicters.'-An  an- 
airobic^  non-motile  bacillus;  not 
cultivated  in  nutrient  gelatin;  not 
observed  to  form  spores. 

Bacillus  cadaveris  is  a  strict  anae- 
robic and  is  difficult  to  cultivate.  I 
have  succeeded  best  with  nutrient 
&ear  containing  five  per  cent  of 
glycerin,  removing  tne  oxygen 
tnoroughly  by  passing  a  stream  of 
hydrogen  through  the  liquefied  me- 
dium. The  colonies  in  a  glycerin- 
agar  roll  tube  (containing  hydrogen 
and  hermetically  sealed)  are  opaque, 
irregular  inoutlme,  granular,  and  of 
a  white  color  by  reflected  light. 
The  culture  medium  acquires  an 
acid  reaction  as  a  result  of  the  de- 
velopment of  the  bacillus. 
Liver  tissue  containing  this  bacillus,  after  having  been  kept  in  an  anti- 
septic wrapi>ing  for  forty-eight  hours,  has  a  fresh  appearance,  a  very  acid  re- 
action, and  is  without  any  putrefactive  odor. 


FiQ.  IM.— Bacillus  cadaYeris,  from  an  anas- 
roblo  culture  in  glyoerin-agar.  xl|000.  Froin 
a  photomicrograph.    (Sternberg.) 
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Pathogenesis, — Liver  tiasue  containing  this  bacillus  is  rery  jMithogenic 
for  guinea-pigs  when  injected  subcutaneously,  and  causes  an  extensive  in- 
flammatory  ^ema  extending  from  the  point  of  inoculation.  Pure  cul- 
tures of  the  bacillus  are  less  pathogenic,  and  the  few  experiments  which  I 
made  in  Havana  ^ve  a  somewhat  contradictory  result,  recovery  having 
occurred  in  one  fipmea-pig  which  received  a  subcutaneous  injection  of  ten 
minims  of  liquid  from  an  anaerobic  culture  in  glycerin-agar,  while  another 
died  at  the  end  of  twenty  hours  from  a  suMutaneous  injection  of  three 
minims,  with  extensive  inflammatory  oedema  in  the  vicinity  of  the  point  of 
inoculation. 


152.   BACILLUS  OP  SYMPTOMATIC  ANTHRAX, 

Synonyms. — Rauschbrandbacillus,  Oer. ;  Bacille  du  charbon 
symptomatique,  Fr, 

First  described  by  Bollinger  and  Feser  (1878);  carefully  studied 
and  its  principal  characters  determined  by  Arloing,  Comevin,  and 
Thomas  (1880-83). 


FlO.  VSt. 


Fio.  168. 


Fio.  167.— BadlluB  of  flymptomatic  anthrax,  from  an  agar  culture.  X  1.000.  From  a  photoml- 
crognph.    (Frftnkel  and  Pfeiffer.) 

Fie.  168.— BaoUluB  of  qrmptomatlc  anthrax,  from  muBcles  of  Inoculated  guinea-pig.  From  a 
photomicrogimph.   CBoQZ.) 

Found  in  the  affected  tissues  of  animals— principally  cattle— suf- 
fering from  "  blackleg/' "  quarter  evil,"  or  symptomatic  anthrax  (Fr., 
"charbon  symptomatique'';  Ger.,  *' Rauschbrand  ").  The  disease 
prevails  during  the  summer  months  in  various  parts  of  Europe,  and 
is  characterized  by  the  appearance  of  irregular,  emphysematous 
swellings  of  the  subcutaneous  tissue  and  muscles,  especially  over  the 
quarters,  hence  the  name  "quarter  evil.*'  The  muscles  in  the 
42 
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affected  areas  have  a  dark  color  and  contain  a  bloody  serum  in 
which  the  bacillus  is  found. 

Morphology, — Bacilli  with  rounded  ends,  from  three  to  five  fi 
long  and  0.5  to  0.6  //  broad  ;  sometimes  united  in  pairs,  but  do  not 
grow  out  into  filaments.  The  spores  are  oval,  somewhat  flattened  on 
one  side,  thicker  than  the  bacilli,  and  lie  near  the  middle  of  the  rods, 
but  a  little  nearer  to  one  extremity.  The  bacilli  containing  spores 
are  somewhat  spindle-formed  (Kitasato).  "Involution  forms"  are 
quite  common  in  old  cultures  or  in  unfavorable 
media ;  in  such  cultures  variously  distorted  and 
often  greatly  enlarged  bacilli  may  be  seen,  some 
being  greatly  swollen  in  the  middle  —  spindle- 
shaped.  When  properly  stained,  by  Loffler's 
method,  a  number  of  flagella  are  seen  around  the 
periphery  of  the  cells. 

Stains  with  the  aniline  colors  usually  em- 
ployed, but  not  by  Gram's  method.  Spore-bea.r- 
ing  bacilli  may  be  double-stained  by  first  stain- 
ing the  spores  by  Ziehl's  method,  and  then  the 
bacilli  with  a  solution  of  methylene  blue. 

Biological  Characters, — An  anaerobic,  liq- 
uefying, mo^iZe  bacillus.  Forms  spores.  Grows 
at  the  room  temperature  in  the  usual  culture  media, 
in  the  absence  of  oxygen,  in  an  atmosphere  of  hy- 
drogen, but  not  in  carbon  dioxide.  This  bacillus 
grows  more  rapidly  and  abundantly  in  nutrient 
agar  or  gelatin  to  which  1.5  to  2  per  cent  of 
grape  sugar  or  five  per  cent  of  glycerin  has  been 
added.  Colonies  in  gelatin,  in  an  atmosphere  of 
hydrogen,  are  at  first  spherical,  with  irregular  out- 
Unes  and  a  wart-hke  surface  ;  later  the  gelatin  is 
Uquefied  around  them,  and  radiating  filaments 
grow  out  into  the  gelatin,  so  that  by  transmitted 
light  they  present  the  appearance  of  an  opaque 
central  mass  with  an  irregular  surface  surrounded 
by  rays.  In  stick  cultures  in  nutrient  gelatin,  at 
20°  to  25°  C,  at  the  end  of  two  or  three  days 
development  occurs  at  the  bottom  of  the  line  of  puncture  to  within 
about  two  fingers'  breadth  of  the  surface ;  the  gelatin  is  slowly 
liquefied  and  considerable  gas  is  formed.  In  old  cultures  the 
growth  and  liquefaction  of  the  gelatin  extend  nearly  to  the  sur- 
face. In  agar  stick  cultures,  in  the  incubating  oven,  develop- 
ment begins  within  a  day  or  two  and  extends  to  within  one 
finger's  breadth  of  the  surface ;  considerable  gas  is  evolved,  and 
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Fio.  laoT—  Bacillus 
of  symptomatic  an- 
thrax; long  stick  cul- 
ture In  nutrient  gela- 
tin, ten  days  at  18«- 
20°  0.    (Kitasato.) 
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the  cultures  have  a  peculiar^  acid,  penetrating  odor.  Development 
is  most  rapid  at  36**  to  38°  C,  but  may  occur  at  a  temperature  of  16° 
to  18°  0. — ^not  lower  than  14°.  Spores  are  quickly  formed  in  cul- 
tures kept  in  the  incubating  oven — ^not  so  quickly  at  the  room  tem- 
perature. These  withstand  a  temperature  of  80°  C.  maintained  for 
an  hour,  but  are  killed  in  five  minutes  by  a  temperature  of  100°  C. 
(in  steam).  In  the  bodies  of  infected  animals  spores  are  not  formed 
until  after  the  death  of  the  animal,  at  the  end  of  twenty-four  to  forty- 
eight  hours  (Kitasato). 

The  spores  are  destroyed  by  a  five-per-cent  solution  of  carbolic 
acid  in  ten  hoiirs,  and  the  bacilli,  in  the  absence  of  spores,  in  five 
minutes  ;  a  1 : 1,000  solution  of  mercuric  chloride  destroys  the  spores 
in  two  hours  (Kitasato).  According  to  Kitasato,  certain  shining 
bodies  of  irregular  form,  which  stain  readily  with  the  aniline  colors, 
are  to  be  seen  in  the  rods  as  they  are  found  in  the  bloody  serum  from 
an  animal  recently  dead ;  but  these  are  not  spores,  as  some  bacterio- 
logists have  supposed. 

Pathogenesis, — Cattle,  which  are  immune  against  malignant 
oedema,  are  most  subject  to  infection  by  the  bacillus  of  symptomatic 
anthrax,  and  the  disease  produced  by  this  anaerobic  bacillus  prevails 
almost  entirely  among  them  ;  horses  are  not  attacked  spontaneously 
— i.e.,  by  accidental  infection — ^and  when  inoculated  with  a  culture  of 
this  bacillus  present  only  a  limited  local  reaction.  Swine,  dogs,  rab- 
bits, fowls,  and  pigeons  have  but  slight  susceptibility,  but  the  re- 
searches of  Arloing,  Comevin,  and  Thomas,  and  of  Roger  show  that 
by  the  addition  of  a  twenty-per-cent  solution  of  lactic  acid  to  a  cul- 
ture its  virulence  is  greatly  increased,  and  animals  which  have  but 
little  STisceptibility,  like  the  rabbit  or  the  mouse,  succumb  to  such  in- 
jections ;  similar  results  were  obtained  by  Roger  by  the  simultaneous 
injection  of  sterilized  or  non-sterilized  cultures  of  Bacillus  prodigiosus 
or  of  Proteus  vidgaris.  The^inea-pigis  the  most  susceptible  ani- 
mal. When  inoculated  subcutaneously  with  a  small  quantity  of  a 
pure  culture,  or  with  spores  attached  to  a  silk  thread,  it  dies  in  from 
twenty-four  to  thirty-six  hours.  At  the  autopsy  a  bloody  serum  is 
found  in  the  subcutaneous  tissues  in  the  vicinity  of  the  point  of  in- 
oculation, and  the  muscles  present  a  dark-red  or  black  appearance 
similar  to  that  in  cattle  affected  with  '*  black  leg."  The  internal  or- 
gans present  no  notable  pathological  changes.  Immediately  after 
death  the  bacilli  are  found  only  in  the  effused  serum  and  the  affected 
tissues  near  the  point  of  inoculation,  but  later  they  multiply  in  the 
cadaver  and  are  found  throughout  the  body.  According  to  Kitasato, 
the  cultures  in  solid  media  preserve  their  virulence  for  an  indefinite 
period,  but  cultures  in  a  bouillon  made  from  the  flesh  of  guinea-pigs 
soon  lose  their  virulence.     Cultures  are  readily  attenuated  by  heat 
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according  to  the  method  of  Toussaint  and  Chauveau ;  a  temperature 
of  42°  to  43°  C.  is  suitable.  The  pathogenic  virulence  of  spores  may 
also  be  attenuated  by  subjecting  them  to  dry  heat — a  temperature  of 
80°  to  100°  C,  maintained  for  several  hours.  For  the  production  of 
immunity  in  cattle  Arloing,  Comevin,  and  Thomas  recommend  the 
use  of  a  dried  powder  of  the  muscles  of  animals  which  have  suc- 
cimibed  to  the  disease,  and  which  has  been  subjected  to  a  suitable 
temperature  to  insure  attenuation  of  the  pathogenic  virulence  of  the 
spores  contained  in  it,  Kitt,  who  has  made  extended  experiments 
with  this  bacillus,  recommends  that  the  muscles  be  first  dried  at  32^ 
to  35°  C.  and  then  powdered.  Two  vaccines  are  then  prepared— a 
stronger  vaccine  by  exposure  of  a  portion  of  the  powder  to  a  tem- 
perature of  85°  to  90°  C.  for  six  hours,  and  a  weaker  vaccine  by  ex- 
posure for  six  hours  to  a  temperature  of  100°  to  104°  C.  (dry  heat). 
Inoculations  made  with  this  attenuated  virus^the  weakest  first  and 
subsequently  the  least  attenuated — g^ve  rise  to  a  local  reaction  of 
moderate  intensity,  and  the  animal  is  subsequently  immune  from  the 
effects  of  the  most  virulent  material.  Immunity  may  also  be  secured 
by  intravenous  inoculations  ;  or,  in  guinea-pigs,  by  inoculations  with 
bouillon  cultures  which  have  been  kept  for  a  few  days  and  as  a  re- 
,8ult  have  lost  their  original  virulence,  or  with  cultures  kept  in  an  in- 
cubating oven  at  a  temperature  of  42°  to  43°  C. ;  or  by  inoculation 
with  a  very  minute  quantity  of  a  pure  culture ;  or  by  an  inoculation 
made  into  the  extremity  of  the  tail ;  or  by  inoculations  with  filtered 
cultures  (Roux  and  Chamberlain),  or  with  cultures  sterilized  by  heat 
(Kitasato).  It  has  been  claimed  (Roux)  that  animals  which  have 
been  made  immune  against  symptomatic  anthrax  are  also  immune 
against  malignant  oedema.  But  in  a  carefully  conducted  series  of 
experiments  Kitasato  was  unable  to  confirm  this ;  he  found  that 
guinea-pigs  which  had  an  immunity  against  the  most  virulent  cul- 
tures of  the  Rauschbrand  bacillus  succumbed  invariably  to  malig- 
nant  oedema  when  inoculated  subcutaneously  with  the  bacillus  of 
malignant  oedema. 
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Spnillum  Oberm«ieri  in  blood  of  two  monkeys, 
inoculaied  after  renioval  of  spleen.. 


XV. 
PATHOGENIC  SPIRILLA. 

153.    SPIRILLUM  OBEBMEIERL 

Synonyms. — SpirochsBte  Obenneieri ;  Spirillum  of  relapsing  fe- 
ver ;  Die  Recurrensspirochate. 

Discovered  by  Obermeier  (1873)  in  the  blood  of  persons  suflfering 
from  relapsing  fever. 

This  spirillum  is  present,  in  very  great  ntmibers,  in  the  blood  of 
relapsing-fever  patients  during  the  febrile  paroxysms.  It  has  not 
been  found  under  any  other  circumstances,  and  its  etiological  rela- 
tion to  the  disease  with  which  it  is  associated  is  generally  admitted. 

Morphology. — Very  slender,  flexible,  spiral  or  wavy  filaments, 
with  pointed  ends ;  from  sixteen  to  forty  //  in  length  and  consider- 
ably thinner  than  the  cholera  spirillum — about  0.1  //.  Koch  has 
demonstrated  the  presence  of  flagella  (Eisenberg). 

Stains  readily  with  the  aniline  colors,  especially  with  fuchsin, 
Bismarck  brown,  and  in  Loffler's  solution  of  methylene  blue. 

Biological  Characters. — An  aerobic,  motile  spirillum  which 
has  not  been  cultivated  in  artificial  media.  This  spirillmn  appears  to 
be  a  strict  parasite,  whose  habitat  is  the  blood  of  man.  The  disap- 
pearance of  the  parasite  from  the  blood  soon  after  the  termination 
of  a  febrile  paroxysm,  and  its  reappearance  during  subsequent  par- 
oxysms, have  led  to  the  inference  that  it  must  form  spores,  but  this 
has  not  been  demonstrated.  In  fresh  preparations  from  the  blood 
the  spirillum  exhibits  active  progressive  movements,  accompanied 
by  very  rapid  rotation  in  the  long  axis  of  the  spiral  filaments,  or  by 
undulatory  movements.  The  movements  are  so  vigorous  that  the 
comparatively  large  red  blood  corpuscles  are  seen,  under  the  micro- 
scope, to  be  thrown  about  by  the  slender  spiral  filaments,  which  it  is 
diflScult  to  see  in  imstained  preparations.  When  preserved  in  a  one- 
half -per-cent  salt  solution  they  continue  to  exhibit  active  movements 
for  a  considerable  time.  Efforts  to  cultivate  this  spirillum  in  artificial 
media  have  thus  far  been  unsuccessful,  although  Koch  has  observed 
an  increase  in  the  length  of  the  spirilla  and  the  formation  of  a 
tangled  mass  of  filaments. 
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In  experiments  made  by  Heydenreich  the  spirillum  was  found  to 
preserve  its  vitality  (motility)  for  f ouri^en  days  at  a  temperature  of 


Fig.   170.— Spirilhim  Obermeierl  in  blood  of  man.    x  1,009.     From  a  pbotomicrogTaplL 
<FrSDkel  and  Pfelffer. ) 

IC"  to  22°  C,  for  twenty  hours  at  37°,  and  at  42.5°  for  two  or  three 
hours  only. 

Pa^Aogre/iesis. -^Causes  in  man  the  disease  known  as  relapsing 
fever.     Miinch  and  Moczutkowsky  have  produced  typical  relapsing 
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Fio.  171.— Spirillum  Obermeieri  In  blood  of  an  inoculated  ape.    x  700.   (Koch. 

fever  in  healthy  persons  by  inoculating  them  with  blood  containing 
the  spirillum  of  Obermeier.  The  spirilla  are  found  in  the  blood  dur- 
ing the  febrile  paroxysm,  and  for  a  day  or  two,  at  the  outside,  after 
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its  termination  ;  sometimes  they  are  present  in  great  numbers,  and 
at  others  can  only  be  found  by  searching  several  microscopic  fields; 
they  are  not  present  in  the  various  secretions— urine,  sweat,  saliva, 
etc.  In  fatal  cases  the  principal  pathological  changes  are  found  in 
the  spleen,  which  is  greatly  enlarged,  and  in  the  liver  and  marrow 
of  the  bones,  which  contain  inflammatory  and  necrotic  foci.  Koch 
and  Carter  have  succeeded  in  transmitting  the  disease  to  monkeys 
by  subcutaneous  inoculations  with  small  amounts  of  defibrinated 
blood  containing  the  spirillum.  After  an  incubation  period  of  seve- 
ral days  typical  febrile  paroxysms  were  developed,  during  which 
the  actively  motile  spirilla  were  found  in  the  blood  in  large  numbers. 
Blood  from  one  animal,  taken  during  the  attack,  induced  a  similar 
febrile  paroxysm  when  inoculated  into  another  of  the  same  species — 
relapses,  such  as  characterize  the  disecwe  in  man,  were  not  observed. 
ObI  attack  did  not  preserve  the  animals  experimented  upon  from  a 
similar  attack  when  they  were  again  inoculated  after  an  interval  of 
a  few  days.  Recently  Soudakewitch  (1891)  has  made  successful  in- 
oculation experiments  in  monkeys,  and  has  shown  that  in  monkeys 
from  which  the  spleen  has  previously  been  removed  the  spirilla  con- 
tinue to  multiply  very  abundantly  in  the  blood  and  the  disease  has  a 
fatal  termination,  whereas  in  monkeys  from  which  the  spleen  has 
not  been  removed  the  spirilla  disappear  from  the  blood  within  a  few 
days  after  the  access  of  the  febrile  paroxysm  and  the  animal  recovers. 

154.   SPIRILLUM  ANSERUM. 

Synonym, — Spirochaeta  anserina  (Sakharoff). 

Obtained  by  Sakharoff  (1890)  from  the  blood  of  geese  aif ected  by  a  fatal 
form  of  septicaemia  due  to  this  spirillum.  This  disease  prevails  among  geese 
in  Caucasia,  especially  in  swampy  regions,  appearing  annually  and  ofestroy- 
ing  a  large  number  oi  the  domestic  j^eese. 

Morphology, — Resembles  the  spirillum  of  relapsing  fever.  The  long  and 
flexible  spiral  filaments,  when  the  disease  is  at  its  height,  are  often  seen  in 
interlaced  masses,  around  the  margins  of  which  radiatiB  single  filaments 
wjiich  by  their  movements  cause  the  whole  mass  to  change  its  place,  as  if  it 
were  a  sm^le  organism.  These  masses  are  sometimes  so  large  that  a  single 
one  occupies  the  entire  field  of  the  microscope. 

Stains  with  the  usual  aniline  colors. 

Bioloqical  Characters. —An  aerobic,  motile  spirillum.  Not  cultivated 
in  artificial  media.  The  movements  are  very  active,  resembling  those  of 
Spirillum  Obermeieri,  but  cease  in  an  hour  or  two  in  preparations  made  from 
the  blood  of  geese  containing  it. 

Pathogenesis. — A  small  quantity  of  blood  from  an  infected  goose  inocu- 
lated into  a  healthy  animal  of  the  same  species  induces  the  di^ase  after  a 
period  of  incubation  of  four  to  five  days.  The  infected  goose  ceases  to  eat, 
oecomes  apathetic,  remaining  in  one  place,  and  usually  £es  at  the  end  of  a 
week  ;  the  temperature  is  increased,  and  in  some  cases  there  is  diarrhoea. 
The  spirilla  are  found  in  the  blood  at  the  outset  of  the  malady,  but  after 
death  they  are  not  seen  either  in  the  blood  or  in  the  various  organs.  The 
heart  and  the  liver  are  found  to  have  undergone  a  fatty  degeneration,  and 
yellowish,  cheesy  granules  the  size  of  a  millet  seed  are  seen  upon  the  surface 
of  these  organs.    The  spleen  is  soft  and  easily  broken  up  by  tne  fingers. 
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•  Inoculations  into  chickens  and  piseons  were  without  result ;  in  one 
chicken  the  spirilla  were  found  in  the  blood  on  the  fourth  day  after  inocula- 
tion, but  the  fowl  recovered. 

155.    SPIRILLUM  CHOLERJE  ASIATICS. 

Synonyms, — Spirillum  ("  bacillus  ")  of  cholera ;  Comma  bacillus 
of  Koch ;  Kommabacillus  der  Cholera  Asiaticae ;  Bacille-Tirgule 
cholerigdne. 

Discovered  by  Koch  (1884)  in  the  excreta  of  cholera  patients  and 
in  the  contents  of  the  intestine  of  recent  cadavers. 

The  researches  of  Koch,  made  in  Egypt  and  in  India  (1884),  and 
subsequent  researches  by  bacteriologists  in  various  parts  of  the 
world,  show  that  this  spirillum — so-called  "  comma  bacillus" — is  con- 
stantly present  in  the  contents  of  the  intestine  of  cholera  patients 
during  the  height  of  the  disease,  and  that  it  is  not  found  in  the  con- 
tents of  the  intestine  of  healthy  persons  or  of  those  suffering  m>m 
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Fio.  172.— Spirillum  cholerae  Aslatlcae.    x  1,000.    From  a  photomicrograph.    OCodu> 
Fia.  178.— Spirillum  choleroB  Asiaticfe,  Involutic j  forms,    x  700.    (Van  Ermengem.) 

other  diseases  than  cholera.  The  etiological  relation  of  this  spiril- 
lum to  Asiatic  cholera  is  now  generally  admitted  by  bacteriologists. 
Morphology. — Slightly  curved  rods  with  rounded  ends,  from  O.'^ 
to  2  //  in  length  and  about  0.3  to  0.4  /i  in  breadth.  The  rods  are 
usually  but  slightly  curved,  like  a  comma,  but  are  occasionally  in 
the  form  of  a  half -circle,  or  two  imited  rods  curved  in  opposite 
directions  may  form  an  S-shaped  fig^ure.  Under  certain  circum- 
stances the  ciurved  rods  grow  out  into  long,  spiral  filaments,  which 
may  consist  of  numerous  spiral  turns,  and  in  hanging-drop  cultures 
the  S-shaped  figures  may  also  be  seen  to  form  the  commencement 
of  a  spiral ;  in  stained  preparations  the  spiral  character  of  the  long 
filaments  is  often  obliterated,  or  nearly  so.  When  development  is 
very  rapid  the  short,  curved  rods  or  S-shaped  spirals  only  are  seen ; 
but  in  hanging-drop  cultures,  or  in  media  in  which  the  develop. 
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ment  is  retarded  by  an  unfavorable  temperature,  the  presence  of  a 
little  alcohol,  etc.,  the  long,  spiral  filaments  are  quite  numerous,  and 
bacteriologists  generally  agree  that  the  so-called  '*  comma  bacillus  ** 
is  really  only  a  fragment  of  a  true  spirillum.  By  Loffler's  method 
of  staining  the  rods  may  be  seen  to  have  a  single  terminal  flagel- 
lum.  In  old  cultures  the  bacilli  frequently  lose  their  characteristic 
form  and  become^variously  swollen  and  distorted— involution  forms. 
Hueppe  has  described  the  appearance  of  spherical  bodies  in  the 
course  of  the  spiral  filaments,  which  he  believes  to  be  reproductive 
elements — so-called  arthrospores. 

Staiiia  with  the  aniline  colors  usually  employed,  but  not  as  quick- 
ly as  many  other  bacteria ;  an  aqueous  solution  of  fuchsin  is  the 


Fitt.  174.  B^o.  176. 

Fio.  174.— Spirillum  choleraB  AadaticsB;  colonies  upon  gelatin  plate,  end  of  thirty  hoon.  x  100. 
Photograph  by  Frinkel  and  Pf elffer. 

Fio.  175.— Spirillum  choler»  Asiaticn,  from  a  gelatin  culture,  x  1,000.  BVom  a  photomicro- 
graph.   (Frinkel  and  Pfeiffer.) 

most  reliable  staining  agent;  is  decolorized  by  iodine  solution — 
Gramas  method.     Sections  may  be  stained  with  Loffler's  solution. 

Biological  Characters. — An  aerobic  (facultative  anaerobic), 
liquefying,  motile  spirillum.  Grows  in  the  usual  culture  media  at 
the  room  temperature — ^more  rapidly  in  the  incubating  oven.  Does 
not  grow  at  a  temperature  above  42**  or  below  14°  C.  Does  not  form 
endogenous  spores  (forms  arthrospores,  according  to  Hueppe  ?). 

In  gelatin  plate  cultureSy  at  22**  C,  at  the  end  of  twenty-four 

hours  small,  white  colonies  may  be  perceived  in  the  depths  of  the 

gelatin ;  these  grow  towards  the  surface  and  cause  liquefaction  of 

the  gelatin  in  the  form  of  a  funnel  which  gradually  increases  in 

43 
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depth,  and  at  the  bottom  of  which  is  seen  the  colony  in  the  form  of 
a  small,  white  mass  ;  as  a  result  of  this  the  plates  on  the  second  or 
third  day  appear  to  be  perforated  with  numerous  small  holes ;  later 

the  gelatin  is  entirely  liquefied.  Under 
a  low  power  the  young  colonies,  before 
liquefaction  has  commenced,  present  a 
rather  characteristic  appearance ;  they 
are  of  a  white  or  pale-yellow  color,  and 
have  a  more  or  less  irregular  outline, 
the  margins  being  rough  and  uneven; 
the  texture  is  coarsely  granular,  and  the 
surface  looks  as  if  it  were  covered  with 
Uttle  fragments  of  broken  glass,  while 
the  colony  has  a  shining  appearance ;  when  liquefaction  commences  an 
ill-defined  halo  is  first  seen  to  surround  the  granular  colony,  which 
by  transmitted  light  has  a  peculiar  roseate  hue.  In  stick  cultures  in 
nutrient  gelatin  development  occurs  all  along  the  line  of  inoculation. 


Fro.  176— Colonies  of  the  cholera 
spirillum;  a,  end  of  twenty  hours;  6, 
end  of  thirty  hours;  c,  end  of  forty- 
eight  hours;  d,  after  liquefaction  of 
the  gelatin.    CFIQgge.) 


Fio.  177.— Spirillum  cholerse  Asiaticse;  a,  one  day  old;  6,  three  days  old;  c,  fourdays  old;  d,  five 
days  old ;  e,  seven  days  old ;  /,  10  days  old.   From  photographs  by  Koch. 

but  Kquefaction  of  the  gelatin  first  occurs  only  near  the  surface  ;  on 
the  second  day,  at  22®  C,  a  short  funnel  is  formed  which  has  a 
comparatively  narrow  mouth,  and  the  upper  portion  of  which  con- 
tains air,  while  just  below  this  is  a  whitish,  viscid  mass ;  lator  the 
funnel  increases  in  depth  and  diameter,  and  at  the  end  of  from  four 
to  six  days  may  reach  the  edge  of  the  test  tube ;  in  from  eight  to 
fourteen  days  the  upper  two-thirds  of  the  gelatin  is  completely  lique- 
fied. Owing  to  the  slight  liquefaction  which  occurs  along  the  line  of 
gro\Ai:h  during  the  first  three  or  four  days,  the  central  mass  which 
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had  formed  along  the  line  of  inoculation  settles  down  as  a  curled 
or  irregularly  bent,  yellowish-white  thread  in  the  lower  part  of  a 
slender  tube  filled  with  liquefied  gelatin,  the  upper  part  of  which 
widens  out  and  is  continuous  with  the  funnel  above.  Upon  the  sur- 
face of  nutrient  agar  a  moist,  shining,  white  layer  is  formed  along 
the  line  of  inoculation — ^impfstrich.  Blood  serum  is  slowly  liquefied 
by  this  spirillum.  Upon  the  surface  of  cooked  potato^  in  the  incu- 
bating oven,  a  rather  thin  and  semi-transparent  brown  or  grayish- 
brown  layer  is  developed.  In  bouillon  the  development  is  rapid  and 
abundant,  especially  in  the  incubating  oven  ;  the  fluid  is  only  slightly 


Fio.  178.— Cultures  in  nutrient  gelatin,  at  the  room  temperature  (tG<*  to  18<*  C.)t  at  the  com- 
menoement  of  the  fourth  day;  a.  Spirillum  cholem  Asiatics;  6,  Spirillum  tTrogrenum;  c,  Spirillum 
of  Flakier  and  Prior.    (Baamgarten.) 

clouded,  but  the  spirilla  accumulate  at  the  surface,  forming  a  wrin- 
kled membranous  layer.  Sterilized  milk  is  also  a  favorable  culture 
medium.  In  getieral  this  spirillum  grows  in  any  liquid  containing  a 
small  quantity  of  organic  pabulum  and  having  a  slightly  alkaline 
reaction.  An  acid  reaction  of  the  culture  medium  prevents  its  de- 
velopment, as  a  rule,  but  it  has  the  power  of  gradually  accommo- 
dating itself  to  the  presence  of  vegetable  acids,  and  grows  upon 
potatoes— in  the  incubator  only — which  have  a  slightly  acid  reaction. 
Abundant  development  occurs  in  bouillon  which  has  been  diluted 
with  eight  or  ten  parts  of  water,  and  the  experiments  of  Wolffhiigel 
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and  Riedel  show  that  it  also  multiplies  to  some  extent  in  steriMzed 
river  or  well  water,  and  that  it  preserves  its  vitality  in  such  water 
for  several  months.  But  in  milk  or  water  which  contains  other  bac- 
teria it  dies  out  in  a  few  days.  Gruber  and  SchotteUus  have  shown, 
however,  that  in  bouillon  which  is  greatly  diluted  the  cholera  iqmil- 
lum  may  take  the  precedence  of  the  common  saprophytic  bacteria, 
and  that  they  form  upon  the  surface  of  such  a  medium  the  charac- 
teristic wrinkled  film*  Koch  found  in  his  early  investigations  that 
rapid  multiplication  may  occur  upon  the  surface  of  moist  linen,  and 
also  demonstrated  the  presence  of  this  spirillum  in  the  foul  water  of 
a  '^  tank ''  in  India  which  was  used  by  the  natives  for  drinking 
purposes.  In  the  experiments  of  Bolton  (1886)  the  cholera  spirillum 
was  found  to  multiply  abundantly  in  distilled  water  to  which 
bouillon  was  added  in  the  proportion  of  fifteen  to  twenty-five  parts 
in  one  thousand. 

The  thermal  death-point  of  the  cholera  spirillum  in  recent  cul- 
tures in  flesh-peptone-gelatin,  as  determined  by  the  writer  (1887),  is 
52**  C,  the  time  of  exposure  being  four  minutes ;  a  few  colonies  only 
developed  after  exposure  to  a  temperature  of  50^  for  ten  minutes. 
In  Kitasato's  experiments  (1889)  ten  or  even  fifteen  minutes'  expo- 
sure to  a  temperature  of  55°  C  was  not  always  successful  in  destroy- 
ing the  vitality  of  the  spirillum,  although  in  certain  cultures  exposure 
to  50°  for  fifteen  minutes  was  successful.  He  was  not,  however, 
able  to  find  any  difference  between  old  and  recent  cultures  as  regards 
resistance  to  heat  or  to  desiccation.  In  a  moist  condition  this  spiril- 
lum retains  its  vitality  for  months — as  much  as  nine  months  in  agar 
and  about  two  months  in  liquefied  gelatin.  It  is  quickly  destroyed 
by  desiccation,  as  first  determined  by  Koch,  who  found  that  it  did 
not  grow  after  two  or  three  hours  when  dried  in  a  thin  film  on  a 
glass  cover.  In  Kitasato^s  experiments  (1889)  the  duration  of  vital- 
ity was  found  to  vary  from  a  few  hours  to  thirteen  days,  the  differ- 
ence depending  largely  upon  the  thickness  of  the  film.  When  dried 
upon  silk  threads  they  may  retam  their  vitality  for  a  considerably 
longer  time  (Kitasato).  Very  numerous  experiments  have  been 
made  to  determine  the  amount  of  various  disinfecting  agents  re- 
quired to  destroy  the  vitality  of  this  microorganism.  We  give  be- 
low the  results  recently  reported  by  Boer  (1890),  whose  experiment8 
were  made  in  Koch's  laboratory.  -  Experiments  upon  a  culture  in 
bouillon  kept  for  twenty-four  hours  in  the  incubating  oven,  time  of 
exposure  two  hours  :  hydrochloric  acid,  1 : 1,350 ;  sulphuric  acid, 
1  : 1,300 ;  caustic  soda,  1 :  150 ;  ammonia,  1 :  350  ;  mercuric  cyanide, 
1  :  60,000  ;  gold  and  sodium  chloride,  1  : 1,000  ;  silver  nitrate,  1 : 4,00(.>; 
arsenite  of  soda,  1 :  400 ;  malachite  green,  1  : 5,000  ;  methyl  violet, 
1 : 1,000  ;  carbolic  acid,  1  :  400  ;  creolin,  1 : 3,000  ;  lysol,   1  :500.     In 
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Solton^s  experiments  (1887)  mercuric  chloride  was  effective  in  two 
hours  in  the  proportion  of  1 :  10,000  ;  sulphate  of  copper,  1 :  500. 

The  low  thermal  death-point  and  comparatively  slight  resisting 
power  for  desiccation  and  chemical  agents  indicate  that  this  spiril- 
lum does  not  form  spores,  and  most  bacteriologists  agree  that  this 
is  the  case.  Hueppe,  however,  has  described  a  mode  of  spore  for- 
mation which  is  different  from  that  which  occurs  among  the  bacilli, 
viz.,  the  formation  of  so-called  arthrospores ;  these  are  said  to  be 
developed  in  the  course  of  the  spiral  threads,  not  as  endogenous  re- 
fractive spores,  but  as  spherical  bodies  which  have  a  somewhat 
greater  diameter  than  the  filament  and  are  somewhat  more  refrac- 
tive. This  mode  of  spore  formation  has  not  been  observed  by  Kita- 
sato  and  other  bacteriologists  who  have  given  attention  to  the  ques- 
tion, and  cannot  be  considered  as  established.  In  competition  with 
the  ordinary  putrefactive  bacteria  the  cholera  spirillum  soon  disap- 
pears, and,  as  determined  by  Neffelman  and  by  Kitasato,  they  only 
survive  for  a  few  days  when  mixed  with  normal  fasces. 

A  test  for  the  presence  of  the  cholera  spirillum  has  been  found 
by  Bujwid  and  by  Dunham  in  the  reddish- violet  color  produced  in 
bouillon  cultures  containing  peptone,  or  in  cultures  in  nutrient  gela- 
tin, when  a  small  quantity  of  sulphuric  acid  is  added  to  the  culture. 
According  to  Frankel,  this  test  serves  to  distinguish  it  from  the  ordi- 
nary bacteria  of  the  intestine  and  from  the  Finkler-Prior  spirillum, 
but  not  from  Metschnikoff's  spirillum  ("  vibrio '0-  Th®  reaction  is 
shown  by  bouillon  cultures  which  have  been  in  the  incubating  oven 
for  ten  or  twelve  hours,  and  by  gelatin  cultures  in  which  liquefac- 
tion has  occurred.  The  sulphuric  acid  used  should  be  quite  pure  ; 
the  color  quickly  appears  and  is  reddish-violet  or  purplish-red.  Ac- 
cording to  Salkowski,  the  red  color  is  due  to  the  well-known  indol 
reaction,  which  in  cultures  of  the  cholera  spirillum  is  exceptionally 
intense  and  rapid  in  its  development.  A  test  which  is  said  to  dis- 
tinguish cultures  of  the  cholera  spirillum  from  the  spirillum  of  De- 
neke  and  that  of  Finkler-Prior,  has  been  proposed  by  Cahen.  This 
consists  in  adding  a  solution  of  litmus  to  the  bouillon  and  in  making 
the  culture  at  37"*  C.  The  cholera  cultures  show  on  the  following 
day  a  decoloration  which  does  not  occur  at  this  temperature  with  the 
other  spirilla  named. 

For  determining  as  promptly  as  possible  whether  certain  suspected 
excreta  contain  cholera  spirilla,  a  little  of  the  material  may  be  used 
to  inoculate  greatly  diluted  bouillon,  gelatin  plates  being  made  at 
the  same  time.  At  the  end  of  ten  or  twelve  hours  the  cholera  spiril- 
lum, if  present,  will  already  have  formed  a  characteristic  wrinkled 
film  upon  the  surface ;  a  Uttle  of  this  should  be  used  to  start  a  new 
culture  in  diluted  bouillon,  and  a  series  of  gelatin  plates  made  from 
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it,  after  which  the  color  test  may  be  applied.  The  result  of  this,  in 
connectioii  with  the  morphology  of  the  microoi^^anisms  forming  the 
film  and  the  character  of  growth  in  the  gelatin  plates,  will  estab- 
lish the  diagnosis  if  the  cholera  spirillum  is  present  in  considerable 
numbers.  If  but  few  are  present  in  the  original  material  it  may  be 
necessary  to  make  two  or  more  series  of  plates  and  bouillon  cultures 
before  a  pure  culture  can  be  obtained  and  a  positive  diagnosis  made. 

Brieger  has  succeeded  in  isolating  several  toxic  ptomaines  from 
cultures  of  the  cholera  bacillus,  some  of  which  had  previously  been 
obtained  from  other  sources — cadaverin,  putrescin,  creatinin,  me- 
thyl-guanidin.  In  addition  to  these  he  obtained  two  toxic  sub- 
stances not  previously  known.  One  of  these  is  a  diamin,  resembling 
trimethylenediamin  ;  it  gave  rise  to  cramps  and  muscular  tremor  in 
inoculated  animals.  The  other  poison  reduced  the  frequency  of  the 
heart's  action  and  the  temperature  of  the  body  in  the  animals  sub- 
jected to  experiment.  In  more  recent  researches  made  by  Brieger 
and  Frankel  (1890)  a  toxalbumin  was  obtained  from  cholera  cultures 
which,  when  injected  subcutaneously  into  guinea-pigs,  caused  their 
death  in  two  or  three  days,  but  had  no  effect  upon  rabbits. 

Pfeiffer  has  recently  (1892)  published  his  extended  researches  re- 
lating to  the  cholera  poison.  He  finds  that  recent  aerobic  cultures  of 
the  cholera  spirillum  contain  a  specific  toxic  substance  which  is  fatal 
to  guinea-pigs  in  extremely  small  doses.  This  substance  stands 
in  close  relation  with  the  bacterial  cells  and  is  perhaps  an  integral 
part  of  the  same.  The  spirilla  may  be  killed  by  chloroform,  thymol, 
or  by  desiccation  without  apparent  injury  to  the  toxic  potency  of 
this  substance.  It  is  destroyed,  however,  by  absolute  alcohol,  by 
concentrated  solutions  of  neutral  salts,  and  by  the  boiling  tempera- 
ture, and  secondary  toxic  products  are  formed  which  have  a  similar 
physiological  action  but  are  from  ten  to  twenty  times  less  potent. 

Similar  toxic  substances  were  obtained  by  Pfeiffer  from  cultures  of 
Finkler-Prior's  spirillum  and  from  Spirillum  Metschnikovi.  The  spi- 
rillum is  not  found  in  the  blood  or  in  the  various  organs  of  individu- 
als who  have  succumbed  to  an  attack  of  cholera,  but  it  is  constantly 
found  in  the  alvine  discharges  during  life  and  in  the  contents  of  the 
intestine  examined  immediately  after  death ;  frequently  in  almost  a 
pure  culture  in  the  colorless  "  rice-water  "  discharges.  It  is  evident, 
therefore,  that  if  we  accept  it  as  the  etiological  agent  in  this  disease, 
the  morbid  phenomena  must  be  ascribed  to  the  absorption  of  toxic 
substances  formed  during  its  multiplication  in  the  intestine.  In  cases 
which  terminated  fatally  after  a  very  brief  sickness  Koch  found  but 
slight  changes  in  the  mucous  membrane  of  the  intestine,  which  was 
slightly  swoUen  and  reddened  ;  but  in  more  protracted  cases  the  fol- 
licles and  Peyer's  patches  were  reddened  around  their  margins,  and 
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an  invasion  of  the  mucous  membrane  by  the  "  comma  bacilli  '^  was 
observed  in  properly  stained  sections ;  they  penetrated  especially 
the  f oUicles  of  Lieberkuhn,  and  in  some  cases  were  seen  between  the 
epithelium  and  basement  membrane.  As  a  rule,  the  spirillum  is  not 
present  in  vomited  matters,  but  Koch  ffound  it  in  small  numbers  in 
two  cases  and  Nicati  and  Rietsch  in  three.  In  about  one  hundred 
cases  in  which  Koch  examined  the  excreta,  or  the  contents  of  the  in- 
testine of  recent  cadavers,  during  his  stay  in  Egypt,  in  India,  and  in 
Toulon,  his  "  conmia  bacillus^*  was  constantly  found,  and  other  ob- 
servers have  fully  confirmed  him  in  this  particular — Nicati  and 
Rietsch  in  thirty-one  cases  examined  at  Marseilles ;  Pf eiflfer,  twelve 
cases  in  Paris ;    Schottelius  in  cases  examined  in  Turin ;    Ceci  in 


Fio.  179.~Sectlon  throufirb  mucous  membrane  of  intestine  from  cholera  cadaver;  a  tubular 
gland  Qa)  Is  cut  obliquely;  in  the  interior  of  this  (6),  and  between  the  epithelial  and  basement 
membrane,  are  numerous  spirilla,    x  600.    CPlfigge.) 

Gtenoa,  etc.  On  the  other  hand,  very  numerous  control  experiments 
made  by  Koch  and  others  show  that  it  is  not  present  in  the  alvine 
discharges  of  healthy  persons  or  in  the  contents  of  the  intestine  of 
those  who  die  from  other  diseases.  In  the  writer^s  extended  bacte- 
riological studies  of  the  excreta,  and  contents  of  the  intestine  of  ca- 
davers, in  yellow  fever,  he  has  not  once  encountered  any  microor- 
ganism resembling  the  cholera  spirillum. 

As  none  of  the  lower  animals  are  liable  to  contract  cholera  during 
the  prevalence  of  an  epidemic,  or  as  a  result  of  the  ingestion  of  food 
contaminated  with  choleraic  excreta,  we  have  no  reason  to  expect 
that  pure  cultures  of  the  spirillum  introduced  by  subcutaneous  inocu- 
lation or  by  the  mouth  wiU  give  rise  in  them  to  a  typical  attack  of 
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cholera.  Moreover,  it  has  been  shown  by  experiment  that  this  spi- 
rillum is  very  sensitive  to  the  action  of  adds,  and  is  quickly  de- 
stroyed by  the  acid  secretions  of  the  stomach,  of  man  or  the  lower 
animals,  when  the  functions  of  this  organ  are  normally  performed. 
By  a  special  method  of  procedure,  however,  Nicati  and  Bietach,  and 
Koch,  have  succeeded  in  producing  in  guinea-pigs  choleraic  symp- 
toms and  death.  The  first-named  investigators  injected  cultui^BS  of 
the  spirillum  into  the  duodenum,  after  first  ligating  the  biliary  duct; 
the  animals  experimented  upon  died,  and  the  intestinal  contents  con- 
tained the  spirillum  in  large  numbers.  The  fact  that  this  prooedure 
involves  a  serious  operation  which  alone  might  be  fatal^  detracts 
from  the  value  of  the  results  obtained.  Koch's  experiments  on 
guinea-pigs  are  more  satisfactory,  and,  having  been  fully  controlled 
by  comparative  experiments,  show  that  the  ''comma bacillus''  is 
pathogenic  for  these  animals  when  introduced  in  a  living  condition 
into  the  intestine.  This  was  accomplished  by  first  neutralizing  the 
contents  of  the  stomach  with  a  solution  of  carbonate  of  soda — ^five 
cubic  centimetres  of  a  five-per-cent  solution,  injected  into  the  stomach 
through  a  pharyngeal  catheter.  For  the  purpose  of  restraining  in- 
testinal peristalsis  the  animal  also  receives,  in  the  cavity  of  the  abdo- 
men, a  tolerably  large  dose  of  laudanum — one  gramme  tincture  of 
opium  to  two  hundred  grammes  of  body  weight  The  animals  are 
completely  narcotized  by  this  dose  for  about  half  an  hour,  but  re- 
cover from  it  without  showing  any  ill  effects.  Soon  after  the  ad- 
ministration of  the  opium  a  bouillon  culture  of  the  cholera  spirillum 
is  injected  into  the  stomach  through  a  pharyngeal  catheter.  Ab  a 
result  of  this  procedure  the  animal  shows  an  indisposition  to  eat  and 
other  signs  of  sickness,  its  posterior  extremities  become  weak  and 
apparently  paralyzed,  and,  as  a  rule,  death  occurs  within  forty-eight 
hours.  At  the  autopsy  the  small  intestine  is  found  to  be  congested 
and  is  filled  with  a  watery  fluid  containing  the  spirillum  in  great 
numbers.  Comparatively  large  quantities  of  a  pure  culture  injected 
into  the  abdominal  cavity  of  rabbits  or  of  mice  often  produce  a  fatal 
result  within  two  or  three  hours  ;  and  Nicati  and  Rietsch  have  ob- 
tained experimental  evidence  of  the  pathogenic  power  of  filtered  cul- 
tures not  less  than  eight  days  old.  The  most  satisfactory  evidence 
that  this  spirillum  is  able  to  produce  cholera  in  man  is  afforded  by  an 
accidental  infection  which  occurred  in  Berlin  (1884),  in  the  case  of  a 
young  man  who  was  one  of  the  attendants  at  the  Imperial  Board  of 
Health  when  cholera  cultures  were  being  made  for  the  instruction  of 
students.  Through  some  neglect  the  spirillum  appears  to  have  been 
introduced  into  his  intestine,  for  he  suffered  a  typical  attack  of 
cholera,  attended  by  thirst,  frequent  watery  discharges,  cramps  in 
the  extremities,  and  partial  suppression  of  urine.     Fortunately  be 
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recovered ;  but  the  genuine  nature  of  the  attack  was  shown  by  the 
symptoms  and  by  the  abundant  presence  of  the  **  comma  bacillus" 
in  the  colorless,  watery  discharges  from  his  bowels.  Nicati  and 
Riet-sch  observed  a  certain  degree  of  attenuation  in  the  pathogenic 
power  of  the  spirillum  after  it  had  been  cultivated  for  a  considerable 
time  at  20°  to  25°  C. ;  and  the  observation  has  since  been  made  that 
cultures  which  have  been  kept  up  from  Koch's  original  stock  have 
no  longer  the  primitive  pathogenic  potency. 

Cunningham,  as  a  result  of  recent  researches  made  in  Calcutta 
(1891),  arrives  at  the  conclusion  that  Koch's  "  comma  bacillus''  can- 
not be  accepted  as  the  specific  etiological  agent  in  this  disease.  This 
conclusion  is  based  upon  the  results  of  his  own  bacteriological 
studies,  which  may  be  summed  up  as  follows  :  First,  in  many  xm- 
doubted  cases  of  cholera  he  has  failed  to  find  comma  bacilli.  Sec- 
ondy  in  one  case  he  found  three  different  species.  Thirdy  in  one  case 
the  reaction  with  acids  could  not  be  obtained.  From  sixteen  cases 
in  which  Cunningham  made  cultures  he  obtained  ten  different  vari- 
eties of  comma  bacilli,  the  characters  of  which  he  gives  in  his  pub- 
lished report.  It  may  be  that  in  India,  which  appears  to  be  the 
permanent  habitat  of  the  cholera  spirillum,  many  varieties  of  this 
microorganism  exist ;  but  extended  researches  made  in  the  laborato- 
ries of  Europe  show  that  Cunningham  is  mistaken  in  supposing  that 
spirilla  resembling  Koch's  "  comma  bacillus  "  are  commonly  present 
ia  the  intestine  of  healthy  persons.  The  view  advocated  is  that 
during  the  attack  these  spirilla  are  found  in  increased  numbers  be- 
cause conditions  are  more  favorable  for  their  development,  but  that 
they  have  no  etiological  import.  The  writer  would  remark  that,  in 
very  extended  researches  made  in  the  United  States  and  in  Cuba,  he 
has  never  found  any  microorganism  resembling  Koch's  cholera  spi- 
rillum in  the  faeces  of  patients  with  yellow  fever  or  of  healthy  indi- 
riduals,  or  in  the  intestinal  contents  of  yellow-fever  cadavers. 

156.   SPIRILLUM  OF  FINKLKR  AND   PRIOR. 

Synonym.— Vibrio  proteus. 

Obtained  by  Finkler  and  Prior  (1884)  from  the  faeces  of  patients  with 
cholera  nostras,  after  allowing  the  dejecta  to  stand  for  some  days.  Subse- 
quent reseairches  have  not  sustained  the  view  that  this  spirillum  is  the  speci- 
fic cause  of  cholera  morbus. 

MorpAoZc^.— Resembles  the  spirillum  of  Aisiatic  cholera,  but  the  curved 
segments  (**  JSacilli"  )  are  somewhat  longer  and  thicker  and  not  so  uniform 
in  diameter,  the  central  portion  being  usually  thicker  than  the  somewhat 
pointed  ends;  forms  spu^l  filaments,  which  are  not  as  numerous,  and  are 
usually  shorter  than  those  formed  by  the  cholera  spirillum.  In  unfavorable 
media  involution  forms  are  common— large  oval,  spherical,  or  spindle 
shaped  cells,  etc.  Has  a  single  flarollum  at  one  end  of  the  curved  segments, 
which  is  from  one  to  one  and  one-naif  times  as  long  as  these. 

Stains  witii  the  usual  aniline  colors— best  with  an  aqueous  solution  of 
fuchsin. 
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Biological  Characters, — An  aerobic  and  facultative  anaerobic,  Uyuefy- 
ing,  motile  spirillum.  Spore  formation  not  demonstrated.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  sm^l, 
white,  punctiform  colonies  are  developed  at  the  end  of  twenty- four  hours, 
which  under  the  microscope  are  seen  to  be  finely  granular  and  yellowish  or 
yellowish-brown  in  color;  liquefaction  of  the  gelatin  around  these  colonies 
progresses  rapidly,  and  at  the  end  of  forty-eight  hours  is  usually  complete  in 
plates  where  they  are  numerous.  Isolated  colonies  on  the  second  day  form 
saucer-shaped  depressions  in  the  gelatin  the  size  of  lentils,  having  a  snarplj 
defined  border.  In  gelatin  stick  cultures  liquefaction  progresses  much  more 
rapidly  than  in  similar  cultures  of  the  cholera  spirillum,  and  a  stockings- 
shaped  pouch  of  liquefied  gelatin  is  already  seen  on  the  second  day,  whiim 
rapidly  increases  in  dimensions,  so  that  by  tne  end  of  a  week  the  gelatin  is 
usually  completely  liquefied;  upon  the  surface  of  the  liquefied  medium  a 
whitish  film  IS  seen.  Upon  agar  a  moist,  slimy  layer,  covering  the  entire 
surface,  is  quickly  developed.    The  growth  in  blood  serum  is  rapid  and 


Fia.  180. 
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Fia.  181.  Pio.  182. 

Fia.  180.— SpiriUum  of  Finkler  and  Prior,  from  a  gelatin  culture.  X  1*000.  From  a  photomicro- 
graph.   (Frankel  and  Pfeiffer.) 

Fia.  181.— Spirillum  of  Finkler  and  Prior;  colonies  upon  gelatin  plate;  a,  end  of  sixteen  hours; 
by  end  of  twenty-four  hours;  c;  end  of  thirty-six  hours.    X  80.    (FlQgge  ) 

Fig.  182.— Spirillum  of  Finkler  and  Prior;  culture  in  nutrient  gelatin;  e,  two  days  old;  d,  four 
days  old.    (FlGgge.) 

causes  liquefaction  of  the  medium.  Upon  potato  this  spirillum  ^rows  at  the 
room  temperature  and  produces  a  slimy,  grayish-yellow,  glistening  layer, 
which  soon  extends  over  the  entire  surface.  The  cholera  spirillum  does  not 
grow  upon  potato  at  the  room  temperature.  The  cultures  of  the  Finkler- 
Prior  spirillum  give  off  a  tolerably  strong  putrefactive  odor,  and,  according 
to  Buchner,  in  media  containing  sugar  an  acid  reaction  is  produced  as  a  re- 
sult of  their  development.  They  have  a  greater  resistance  to  desiccation  than 
the  cholera  spirillum. 

Pathoqenesis, — Pathogenic  for  guinea-pigs  when  injected  into  the 
stomach  by  Koch's  method,  after  previous  injection  of  a  solution  of  car- 
bonate of  soda,  but  a  smaller  proportion  of  the  animals  die  from  such  injec- 
tions (Koch).    At  the  autopsy  the  intestine  is  pale,  and  its  watery  oontentB, 
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which  contain  the  spirilla  in  great  numhers,  have  a  penetrating,  putrefaciiye 
odor. 

157.    SPIRILLUM  TYROGENUM. 

SunanyTna.^^pirilhim  of  Deneke:  Kasespirillen. 
Obtained  by  Deneke  (1885)  from  old  cheese. 

Morphology. — Curved  rods  and  long,  spiral  filaments  resembling  the 
spirilla  of  Asiatic  cholera.    The  diameter  of  the  curved  segments  is  some- 
what less  than  that  of  the  cholera  spirillum,  and  the  turns  in  the  spiral  fila- 
ments are  lower  and  closer  together.    The  diame- 
ter of  the  *' commas"  is  uniform  throughout,  so         ^. 
that  this  spirillum  more  closely  resembles  the       ^c  .^^  ' 

cholera  spirillum  Ihan  does  that  of  Finkler  and  ^  "  ^      <  -^.^ 

Pnor.  '  ^  «. ,     ^?;  0  ^    - 

Stains  with  the  usual  aniline   colors— best        -£'t>  ^  /^^^^rcfy  J» 
with  an  aqueous  solution  of  f  uchsin.  -^-'   '  >   C   ^  -*  ^h  ^ 

Biological  Charactera.—AxL  aerobic  sjid  fac-  ^^^^  <^   '  -^ 

ultative  anaerdbic,  liquefying,  motile  spirillum.  -^•"■=' 

Spore  formation  not   demonstrated.    Grows  in  *^ 

the  usual  culture  media  at  the  room  temperature       Fio.  188. —Spirillum  tjroge- 
— more  rapidlv  than  the  cholera  spirillum  and     num.   x  too.   (FiQgge.) 
less  so  than  tnat  of  Finkler  and  Prior.     Upon 

gelatin  plates  small,  punctiform  colonies  are  developed,  which  on  the  second 
day  are  about  the  size  of  a  pin's  head  and  have  a  yellowish  color;  under 
the  microscope  they  are  seen  to  be  coarsely  granular,  of  a  yellowish -green 
color  in  the  centre  and  paler  towards  the  margins.  The  outlines  of  the  colo- 
nies are  sharply  defined  at  first,  but  later,  when 
liquefaction  has  commenced,  the  sharp  contour 
is  no  longer  seen.  At  first  liquefaction  of  the 
gelatin  causes  funnel-shaped  cavities  resembling 
those  formed  by  the  cholera  spirillum,  but  lique- 
faction is  more  rapid.  In  gelatin  stick  cultures 
liquefaction  occurs  all  along  the  line  of  punc- 
^  "  ^  ture,  and  the  spirilla  sink  to  the  bottom  of  the 

Fig  184.— Spiriliiimtjrrogenum;  liauefied  gelatin  in  the  form  of  a  coiled  mass, 
ooionios  In  gelatin  plate;  a,  end  wnile  a  thin,  yellowish  layer  forms  upon  the 
of  sixteen  hours;  6,  enri  of  twen-  surface ;  complete  liquefaction  usually  occurs  in 
ty-four  hours;  c,  end  of  thirty-  about  two  weeks.  Upon  the  Surface  of  agar  a 
sixhoum.   X80.   CFittgge.)  ^1^^^^   yellowish  laver   forms  along  the    impf- 

strich.  Upon  votato^  at  a  temperature  of  37'  C., 
a  thin,  yellow  layer  is  usually  developed  (not  always -Eisenberg);  this 
contains,  as  a  rule,  beautifully  formed,  long,  spiral  filaments. 

Pathogenesis. — Pathogenic  for  guinea-pigs  when  introduced  into  the 
stomach  bv  Koch^s  meth^ ;  three  out  of  fifteen  animals  treated  in  this  way 
succumbed. 

158.   SPIRILLUM  MKTSCHNIKOVL 

Synonym. — Vibrio  Metschnikovi  (Qamel^ia). 

Obtained  by  G^mel^ia  (1888)  from  the  intestinal  contents  of  chickens 
dying  of  an  infectious  disease  which  prevails  in  certain  parts  of  Eussia  dur- 
ing the  summer  months,  and  which  in  some  respects  resembles  fowl  cholera. 
The  experiments  of  Gheunel^ia  show  that  the  spirillum  under  consideration  is 
the  cause  of  the  disease  referred  to,  which  he  calls  gastro-enteritis  cholerica. 

Morphology. — Curved  rods  with  rounded  ends,  and  spiral  filaments;  the 
curved  segments  are  usuallv  somewhat  shorter,  thicker,  and  more  decidedlv 
curved  than  the  **  comma  bacilliis  "  of  Koch.  The  size  differs  very  consid- 
erably in  the  blood  of  inoculated  pigeons,  the  diameter  being  sometimes 
twice  as  great  as  that  of  the  cholera  spirillum,  and  at  others  about  the  same. 
A  single,  long,  undulating  flagellum  may  be  seen  at  one  extremity  of  the 
spiral  filaments  or  curved  rods  in  properly  stained  preparations. 
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Stains  with  the  usual  anilme  colors,  but  not  by  Gramas  method. 
Biological  Characters. — ^An  aerobic  (facultative  anaerobic  i),  liquefy- 
ing, motile  spirillum.  According  to  Gkmialeia,  endogenous  spores  are  formed 
by  this  spirillum;  but  Pfeilfer  does  not  confirm  this  observation,  and  it  must 
be  considered  extremely  doubtful  in  view  of  the  slig^ht 
resistance  to  heat— kiUed  in  five  minutes  by  a  temperature 
of  50'  O.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  Upon  gelatin  plates  small,  white,  puncti- 
form  colonies  are  developed  at  the  end  of  twelve  to  six- 
teen hours  ;  these  rapidly  increase  in  size  and  cause  lique- 
faction of  the  gelatin,  wliieh  is,  however,  much  more  rapid 
with  some  than  with  others.  At  the  end  of  three  days 
large,  saucer^like  areas  of  liquefaction  may  be  seen,  resem- 
bUng  that  produced  by  the  Finkler-Pnor  spirillum  and  the 
contents  of  which  are  turbid,  while  other  colonies  have 
produced  small,  funnel-shaped  cavities  filled  with  trans- 
parent, liquefiea  gelatin  and  resembling  colonies  of  the 
cholera  spirillum  of  the  same  age.  Under  the  microseoDe 
the  larger  liquefied  areas  are  seen  to  contain  yellowisn- 
brown  granular  masses  which  are  in  active  movement,  and 
the  mar^ns  are  surroimded  by  a  border  of  radiating  fila- 
ments. In  gelatin  stick  culturis  the  growth  resembles  that 
of  the  cholera  spirillum,  but  the  development  is  more  rap- 
id. Upon  aqary  at  S?**  C,  a  yellowish  layer  resembling 
that  formed  by  the  cholera  spirillum  is  quickly  developed. 
Uponjoototo  no  growth  occurs  at  the  room  temperature, 
but  at  37"  C.  a  yellowish-brown  or  chocolate-colored  layer 
is  formed,  which  closely  resembles  that  produced  bv  \he 
cholera  spirillum  under  the  same  circumstances.  In  bouil- 
lon, at  37*  C,  development  is  extremely  rapid,  and  the 
liquid  becomes  clouded  and  opaque,  having  a  grayish- white 
color,  while  a  thin,  wrinkled  film  forms  upon  tiie  surface. 
When  muriatic  or  sulphuric  acid  is  added  to  a  culture  in 
peptonized  bouillon  a  red  color  is  produced  similar  to  that 
produced  in  cultures  of  the  cholera  spirillum,  and  even  more  pronounced. 
In  milk,  at  35*"  O. ,  rapid  development  occurs,  and  the  milk  is  coagulated  at 
the  end  of  a  week ;  the  precipitated  casein  accumulates  at  the  bottom  of  the 
tube  in  irregular  masses  and  is  not  redissolved.  The  milk  acquires  a  strongly 
acid  reaction  and  the  spirilla  quickly  perish. 

Pathogenesis, — ^Patnogenic  for  chickens,  pigeons,  and  guinea-pigs;  rab- 
bits and  mice  are  refractory  except  for  very  large  doses.  Chickens  suffering 
from  the  infectious  disease  causea  by  this  spirUlum  remain  quiet  and  somno- 
lent, with  ruffled  feathers;  thev  have  diarrhoea;  the  temperatiu^  is  not  ele- 
vated above  the  normal,  as  is  the  case  in  chicken  cholera.  At  the  autopsy 
the  most  constant  appearance  is  hyi>eraeinia  of  the  entire  alimentary  canal. 
A  grayish-yellow  liquid,  more  or  less  mixed  with  blood,  is  found  in  con- 
siderable quantity  in  the  small  intestine ;  the  spleen  is  not  enlarged  and  tlie 
organs  generally  are  normal  in  appearance.  In  adult  chickens  the  spirillum 
is  not  found  in  the  blood,  but  in  young*  ones  its  presence  may  be  verified  by 
the  culture  method  and  by  inoculation  into  pigeons,  which  die  in  froni 
twelve  to  twenty  hours  after  being  inoculated  with  two  to  four  cubic  cen- 
timetres. The  pathological  appearances  in  pigeons  correspond  with  those 
found  in  chickens,  but  usually  the  spirillum  is  found  in  great  numbers  in 
blood  taken  from  the  heart.  A  few  drops  of  a  pure  culture  inoculated  sub- 
cutaneously  in  pigeons  or  injected  into  the  muscles  cause  their  death  in 
eight  to  twelve  nours.  Qameleia  claims  that  the  virulence  of  cultures  is 
greatly  increased  by  successive  inoculations  in  pigeons,  but  Pfeiffer  has 
shown  that  very  minute  doses  are  fatal  to  pig^eons  and  that  no  decided  in- 
crease of  virulence  occurs  as  a  result  of  successive  inoculations.  According 
to  Gamelc  ia,  chickens  may  be  infected  by  giving  them  food  contamiiialea 


Fxo  185— Spiril- 
lum Metschnikori; 
culture  in  nutrient 
gelatin,end  of  f oriy- 
cisrt&t  hours  From  a 
photograph.  (Prin- 
kel  and  Pfeiffer.) 


Digitized  by  CjOOQIC 


PATHOGENIC  SPIRILLA.  613 

with  the  cultures  of  the  spirillum,  but  pigeons  resist  infection  in  this  way. 
Guinea-pigs  usually  die  in  from  twenty  to  twenty-four  hours  after  receiving 
a  subcutaneous  inoculation  ;  at  the  autopsy  an  extensive  subcutaneous 
oedema  is  found  in  the  vicinity  of  the  point  of  inoculation,  and  a  superficial 
necrosis  may  be  observed  ;  the  blood  and  the  organs  generally  contain  the 
''  vibrio  *'  in  great  numbers,  showing  that  the  animals  die  from  general  in- 
fection— acute  septicaemia.  When  infection  occurs  in  these  animals  by  way 
of  the  stomach  the  intestine  will  be  found  highly  infiamed  and  its  liquid  con- 
tents will  contain  numerous  spirilla. 

Qamel^ia  has  shown  that  pieeons  and  guinea-pigs  mav  be  made  immune 
by  inoculating  ^^them  with  steruized  cultures  of  the  spirillum — sterilized  by 
heat  at  100''  G.  Old  cultures  contain  more  of  the  toxic  substance  than  those 
of  recent  date.  Thus  two  to  three  cubic  centimetres  of  a  culture  twenty  days 
old  will  idll  a  guinea-pig  when  injected  subcutaneously,  while  five  cubic 
centimetres  of  a  cultiire  five  days  old  usually  fail  to  do  so.  According  to 
PfeifPer,  old  cultures  have  a  decidedly  alkaline  reaction,  and  their  toxic  power 
iz  neutralized  by  the  addition  of  sulphuric  acid. 

Gktmeleia  has  claimed  that  by  passing^  the  cholera  spirillum  of  Koch 
through  a  series  of  pigeons,  by  successive  inoculation,  its  patho^nic  power 
is  greatly  increased,  and  that  when  sterilized  cultures  of  this  virulent  vari- 
ety of  the  **  comma  bacillus  "  are  injected  into  pigeons  thev  become  immune 
against  the  pathogenic  action  of  the  **  vibrio  MetschnikofP,"  and  the  reverse. 
PfeifPer  (1889),  in  an  extended  and  carefully  conducted  research,  was  not 
able  to  obtain  any  evidence  in  support  of  this  claim. 
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XVI. 

BACTERIA    IN    INFECTIOUS   DISEASES    NOT    PROVED 
TO  BE  DUE  TO  SPECIFIC  MICROORGANISMS. 

In  the  present  chapter  we  shall  give  a  brief  account  of  the  re- 
searches which  have  been  made  relating  to  the  presence  of  bacteria, 
in  a  number  of  diseases,  in  which  these  researches  have  thus  far 
failed  to  settle  in  a  definite  manner  the  etiology  of  the  diseases 
named.  For  convenience  of  reference  we  shall  arrange  these  diseases 
in  alphabetical  order. 

ALOPECIA. 

Eobinson  (1888)  claims  to  have  found,  in  sections  from  the  diseased  skin, 
in  a  case  of  alopecia  areata,  micrococci  having  a  diameter  of  about  0.8  /i,  usu- 
ally united  in  pairs  and  associated  in  zoogloea  masses.  Thev  were  located 
for  the  most  part  in  the  lymph  spaces  of  the  central  portion  of  the  chorium. 
They  stained  with  the  usual  aniline  colors  and  also  by  Gram  s  method.  No 
culture  or  inoculation  experiments  were  made. 

Kasauli  (1889)  obtained  from  the  margins  of  the  affected  patches  in  alope- 
cia areata  a  bacillus  about  two  to  three  times  as  long  as  broad,  and  which 
formed  spores.  It  was  attached  to  hairs  withdrawn  from  the  diseased 
patches,  and  was  easily  cultivated  in  various  media. 

Vaillard  and  Vincent  (1890),  in  a  form  of  alopecia  resembling  favus,  ob- 
tained by  cultivation,  from  hairs  pulled  out  from  the  diseased  patches,  a  mi- 
crococcus; this  was  also  found  in  the  hair  follicles  in  stained  sections.  The 
diameter  of  this  micrococcus  was  about  one  // ;  it  was  easily  stained  with  the 
aniline  colors  and  by  Gram's  method  ;  grew  in  nutrient  gelatin,  causing 
liquefaction  ;  did  not  grow  well  upon  potato ;  was  pathogenic  for  mice. 
When  applied  to  the  surface  of  the  body  of  guinea-pigs  or  rabbits,  by  rub- 
bing, alopecia  resulted  similar  to  that  in  the  cases  from  which  the  micrococ- 
cus was  first  obtained. 

BERI-BERI. 

Lacerda  (1887)  claims  to  have  demonstrated  the  presence  of  cocci,  some- 
times united  in  chains,  in  the  blood  and  tissues  of  persons  affected  with  beri- 
beri, and  also  to  have  produced  in  rabbits,  by  inoculation  with  his  cultures, 
certain  symptoms  resembling  those  which  characterize  this  disease. 

Pekelliaring  and  Winkler  (1887)  have  also  obtained  by  cultivation,  from 
the  blood  of  patients  with  beri-beri,  various  forma  of  bacteria,  but  princi- 
pally cocci ;  these  are  described  as  being  usually  associated  in  pairs  or  in  ir- 
regular groups,  as  forming  a  milk-white  mass  upon  agar,  and  as  liquefyin«r 
gelatin.  According  to  tlie  authors  named,  injection  into  rabbits  of  cultures 
of  this  coccus  gave  rise  to  multiple  nerve  degeneration,  such  as  is  seen  in 
cases  of  beri-lwri  in  man. 

Eykmann  (1888)  failed  to  obtain  cultures  from  the  blood  of  patients  with 
beri-beri,  but  demonstrated  the  presence  of  slender  bacilli  similar  to  those 


Digitized  by  CjOOQIC 


BACTERIA  IN  CERTAIN  INFECTIOUS  DISEASES.  516 

which  Pekelliaria^  and  Winkler  encountered  in  some  of  their  cases.  These 
failed  to  grow  in  the  usual  culture  media. 

In  his  latest  communication  upon  the  subject  Pekelharing  says  that  in 
twelve  cases  out  of  fifteen  he  obtained  cultures  of  micrococci,  and  bacilli  in 
three  out  of  fifteen.  From  his  inoculation  ex^ieriments  he  concludes  that 
the  micrococci  found  are  the  cause  of  the  morbid  phenomena  which  charac- 
terize the  disease. 

When  in  Rio  de  Janeiro  (1887)  the  writer  collected  blood  from  the  finger 
from  four  typical  cases  of  beri-beri,  selected  by  Dr.  Lacerda,  and  introduced 
it  into  the  usual  culture  media.  The  result  of  this  experiment  was  negative, 
agreeing  in  this  regard  with  the  results  obtained  by  Eykmann. 

BRONCHITIS. 

Lumnitzer  (1888)  obtained  from  the  sputum  of  a  patient  with  putrid 
oronchitis  a  bacillus  which  proved  to  be  patnogenic  for  mice  and  for  rabbits, 
and  the  cultures  of  which  gave  off  a  characteristic  odor,  similar  to  that  of 
the  putrid  bronchial  secretion  in  his  patient. 

Picchini  (1889),  in  three  cases  of  **  croupous  bronchitis,"  made  culture  ex- 
X>eriments  and  isolated  three  different  mici*ococci ;  one  developed  upon  nutri- 
ent gelatin  as  a  grayish-white  mass  and  did  not  liquefy ;  one  as  a  reddish- 
eray  majBs,  also  non-liquefying;  the  third  form  was  always  associated  with 
these  two. 

CARCINOMA. 

Various  microorganisms  have  occasionally  been  found  in  carcinomatous 
gi-owths,  and  especially  in  those  which  have  undergone  ulceration ;  but  that 
any  one  of  these  bears  an  etiological  relation  to  such  malignant  tumors  has 
not  been  demonstrated. 

CEREBRO-SPINAIi  MENINGITIS, 

Various  microorganisms  have  been  found  by  bacteriologists  in 
the  exudate  of  cerebro-spinal  meningitis,  and  there  seems  to  be  but 
httle  doubt  that  the  meningeal  inflammation  is  due  to  their  presence, 
as  the  bacteria  usually  found  are  pathogenic  for  certain  of  the  lower 
animals,  and  when  introduced  into  a  serous  cavity  they  give  rise  to 
a  fibrinous  or  purulent  inflanmiatory  process.  The  researches  of 
Weichselbaum,  Netter,  and  others  show  that  Micrococcus  pneumo- 
niflB  croupossB  (" diplococcus  pneumoniae*')  is  the  microorganism 
most  frequently  found,  and  next  to  this  the  Diplococcus  intercellula- 
ris  meningitidis  of  Weichselbaum.  Streptococcus  pyogenes  has  also 
been  found  in  a  certain  proportion  of  the  cases — four  out  of  twenty- 
five  cases  of  purulent  meningitis  studied  by  Netter. 

Bonome,  in  a  series  of  cases  studied  by  him,  obtained  a  micrococ- 
cus closely  resembling  Micrococcus  pneumoniad  crouposae,  but  which 
he  believes  not  to  be  identical  with  it  (see  Micrococcus  of  Bonome, 
No.  40). 

For  further  details  see  the  descriptive  accounts  of  the  micro- 
organisms above  referred  to. 

CHANCROID. 

Ducrey,  in  an  extended  research  (1890),  was  not  able  to  cultivate  any 
specific  microorganism  from  the  pus  of  soft  chancres,  or  of  buboes  resulting 
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from  these  ulcers.  Various  common  microorganisms  were  obtained  in  cul- 
tures from  the  chancroidal  ulcers,  but  a  negative  result  was  obtained  in  his 
cultures  from  the  pus  of  buboes.  In  pustules  developed  upon  the  arm  from 
the  inoculation  of  chancroidal  virus  ne  found  constantly  a  bacillus  which 
did  not  grow  in  artificial  cultures.  This  was  about  l.id  fi  long  and  0.5^ 
thick,  with  round  ends.  It  was  readily  stained  with  a  solution  of  fuchsin, 
but  not  by  Gramas  method. 

CHOLERA  INFANTUM. 

The  researches  of  Booker  and  of  Jeffries  do  not  support  the  idea 
that  cholera  infantum  is  due  to  the  presence  of  a  specific  microor- 
ganism in  the  intestine,  but  rather  that  the  symptoms  are  due  to  the 
absorption  of  toxic  products  formed  in  the  alimentary  canal^  or  in 
the  child's  food  before  it  is  ingested,  as  a  result  of  the  multiplication 
and  ferment  action  of  various  microorganisms,  and  especially  of 
certain  putrefactive  bacteria.  The  common  putrefactive  bacillus, 
Proteus  vulgaris,  and  other  species  nearly  related  to  this,  were  found 
by  Booker  in  a  considerable  proportion  of  his  cases,  and  he  is  dis- 
posed to  believe  that  these  putrefactive  bacteria  play  an  important 
part  in  the  development  of  the  morbid  phenomena  which  character- 
ize the  disease.  Jeffries,  after  reviewing  the  various  theories  which 
have  been  advanced  in  explanation  of  the  etiology  of  cholera  infan- 
tum, says  :  *'  Bacteria  I  believe  to  be  at  the  bottom  of  the  disease — 
that  is,  rule  bacteria  out  of  all  foods  and  the  alimentary  canal,  and 
summer  diarrhoea  would  cease  to  be.''  Upon  another  page  of  his 
memoir  he  says  :  ^^  Passing  a  step  further,  the  symptoms,  patho^ 
logy,  and  etiology  of  summer  diarrhoea  stand  in  close  relationship 
with  the  group  of  symptoms  first  clearly  brought  to  light  by  Panum 
as  putrid  infection.  The  animals  poisoned  by  the  injection  of  pu- 
trid fiuids,  sterile  or  not,  sicken  and  die  with  two  variable  groups  of 
symptoms  :  one  referable  to  the  nervous  system,  the  other  to  the  in- 
testines, diarrhoea  being  a  prominent  symptom,  and  the  autopsy  re- 
vealing inflammatory  changes  in  the  intestine." 

CHOLERA  NOSTRAS. 

What  has  been  said  above  with  reference  to  cholera  infantum 
applies  as  well  to  cholera  nostras.  This  has  not  been  shown  to  be 
due  to  the  presence  in  the  alimentary  canal  of  a  particular  micro- 
organism ;  but  it  can  scarcely  be  doubted  that  the  morbid  pheno- 
mena are  induced  by  the  development  of  toxic  substances  as  a  result 
of  the  ferment  action  of  various  species  of  bacteria. 

Finkler  and  Prior  (1884)  obtained  from  the  faeces  of  patients 
with  cholera  nostras  a  spirillum  which  they  supposed  to  be  the  spe- 
cific cause  of  this  disease,  but  subsequent  researches  have  not  con- 
firmed their  conclusion.     Thus,  in  seven  cases  studied  by  bacterio- 
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logical  methods  in  Koch's  laboratory  during  the  years  1885,  1886, 
and  1887,  the  spirillum  of  Finkler  and  Prior  was  not  found  in  a 
single  instance  (Frank). 

CONJUNCTIVITIS. 

The  various  forms  of  conjunctivitis  have  been  ascribed  to  the 
specific  action  of  bacteria.  That  this  is  true  as  regards  gonorrhoeal 
ophthalmia  is  now  generally  admitted,  and  there  is  some  reason  to 
believe  that  the  bacillus  discovered  by  Koch  and  studied  by  Kartulis 
(see  Bacillus  of  S[artulis)  is  the  cause  of  one  form  of  ^^  Egyptian 
catarrhal  conjunctivitis."  The  non-infectious  forms  of  conjunctivitis 
can  scarcely  be  supposed  to  be  due  to  the  action  of  specific  micro- 
organisms ;  but  it  is  probable  that  an  inflammation  resulting  from 
any  cause,  such  as  a  chemical  or  mechanical  irritant,  may  be  aggra- 
vated and  become  chronic  as  a  result  of  the  presence  of  various 
microorganisms,  and  especially  of  the  pyogenic  micrococci. 

With  reference  to  the  so-called  bacillus  of  xerosis,  the  researches 
of  Schreiber,  made  in  Neisser's  laboratory,  show  that  it  is  not  pecu- 
liar to  xerosis,  but  that  it  is  often  found  quite  as  abundantly  in 
other  eye  affections  and  also  in  the  healthy  con-unctival  sac. 

OOBYZA. 

Hajek  foimd  in  the  secretions  of  acute  nasal  catarrh  a  large  diplococcus, 
called  Dy  him  **  Diplococcus  cor^BaB,"  and  probably  identical  with  ttie  diplo- 
coccus  previously  obtained  by  Klebs  from  the  same  source.  This  was  most 
abundant  during  the  early  sta^e  of  the  disease,  when  the  secretion  from  the 
nasal  mucous  membrane  was  fliin  and  abundant ;  later  various  other  micro- 
organisms were  encountered  in  greater  numbers,  and  among  them  Fried - 
lander's  bacillus.  There  is  no  satisfactory  evidence  that  the  diplococcus  of 
Hajek  or  any  other  known  bacteria  are  directly  concerned  in  the  etiology  of 
this  affection.  To  what  extent  chronic  nasal  catarrh  is  due  to  the  action  of 
micro5rganisms  is  also  imcertain,  but  it  appears  probable  that  they  play  an 
important  part  in  maintaining  such  inflammations :  and  in  ozaena  tne  offen- 
sive odor  of  the  nasal  secretions  is  no  doubt  due  to  the  pi^esence  of  certain 
bacteria,  whatever  may  be  the  relation  of  these  to  the  morbid  process  which 
giv^  rise  to  the  chronic  discharge.    (See  Bacillus  foetidus  ozaenaQ  of  Hajek.) 

CYSTITIS. 

Various  species  of  bacteria  have  been  found  in  the  urine  in  cases 
of  cystitis,  and  it  appears  probable  that  some  of  these  are  directly  or 
indirectly  concerned  in  keeping  up  the  vesical  inflammation  in 
chronic  cases  of  this  disease.  Whether  any  one  of  the  species  f  oimd 
is  capable  of  producing  cystitis  when  introduced  into  the  healthy 
bladder  is  imcertain.  On  the  other  hand,  we  have  rather  numerous 
observations  which  show  that  there  may  be  bacteriuria  without  cys- 
titis. Thus  Schottelius  and  Reinhold  report  a  case  of  heart  disease 
in  which  certain  bacilli  were  found  in  the  urine  in  considerable 
numbers,  and  in  a  pure  culture,  during  the  entire  time  that  the 
45 


Digitized  by  CjOOQIC 


518  BACTERIA  IN  INFECTIOUS   DISEASES  NOT  PROVED 

patient  was  under  observation,  and  in  which  there  was  no  cystitis  or 
other  symptoms  that  could  be  ascribed  to  the  presence  of  this  baciilus. 

In  the  extended  researches  of  Rovsing — ^thirty  cases  of  cystitis — 
the  following  results  were  obtained :  In  one  case  diagnosed  as  cys- 
titis no  bacteria  were  found ;  in  three  cases  culture  experiments  gave 
a  negative  result,  but  the  tubercle  bacillus  was  found  in  the  urine  by 
microscopical  examination — in  these  cases  the  urine  was  strongly 
acid ;  in  twenty-six  cases  the  mine  was  ammoniacal,  and  in  all  of 
these  bacteria  were  f  oimd — ^usually  but  a  single  species.  All  of  these 
grew  in  the  usual  culture  media  except  the  tubercle  bacillus,  which 
in  two  cases  was  associated  with  some  other  species,  and  all  pro- 
duced alkaline  fermentation  in  sterile  urine  when  added  to  it  in  pure 
cultures.  The  following  species  were  found :  Tubercle  baciUits, 
Staphylococcus  pyogenes  aureus,  Staphylococcus  pyogenes  albus. 
Staphylococcus  pyogenes  citreus,  Streptococcus  pyogenes  uresp 
(n.  sp.),  Diplococcus  pyogenes  ureae  (n.  sp.),  Coccobadllus  pyogenes 
ureae  (n.  sp.).  Micrococcus  pyogenes  ureae  flavus  (n.  sp.),  Diplococcus 
ureae  trifoliatus  (n.  sp.),  Streptococcus  ureae  rugosus  (n,  sp.),  Diplo- 
coccus ureae  (n.  sp.),  Coccobacteria  ureae  (n.  sp.). 

Pure  cultures  of  all  of  these  species  introduced  into  the  bladder  of 
rabbits  failed  to  induce  cystitis,  even  when  injected  in  considerable 
quantities.  But  when  retention  of  urine  was  effected  artificially  for 
six  to  twelve  hours,  allowing  time  for  ammoniacal  fermentation  to 
occur,  cystitis  was  developed.  When  the  pyogenic  species  were  in- 
troduced under  these  circumstances  a  suppurative  inflammation  of 
the  mucous  membrane  occurred ;  the  non-pyogenic  species  caused  a 
catarrhal  cystitis.  Rovsing  records  the  important  fact,  as  bearing 
upon  the  etiology  of  cystitis,  that  in  twenty  of  the  cases  examined 
the  bladder  had  been  invaded  by  the  finger  or  by  instruments  prior 
to  the  development  of  cystitis. 

Lundstrom  (1890)  isolated  from  alkaline  urine  obtained  from 
patients  with  cystitis  two  species  of  staphylococci — Staphylococcus 
ureae  candidus  and  Staphylococcus  ureae  liquef aciens ;  from  albu- 
minous, acid  urine  he  obtained  Streptococcus  pyogenes.  Krogius 
obtained  from  the  urine  of  individuals  suffering  from  cystitis  a 
bacillus  which  he  calls  Urobacillus  liquefaciens  septicus.  Schnitzler 
(1800)  found  the  same  bacillus,  or  one  very  similar  to  it,  in  thirteen 
out  of  twenty  cases  of  purulent  cystitis  examined  by  hinL  In  eight 
of  these  cases  it  was  obtained  from  the  urine  in  pure  cultures,  and  in 
five  it  was  associated  with  other  bacteria.  In  twelve  of  these  twenty 
cases  the  cystitis  resulted  directly  from  catheterization  ;  in  the  others 
it  occurred  in  individuals  suffering  from  stricture  or  from  calculus. 

When  cultures  of  this  bacillus  were  injected  into  a  vein  in  rab- 
bits, the  animals  died  in  from  three  to  eight  days,  and  in  every 
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instance  an  intense  nephritis  was  observed  at  the  autopsy — ^twice 
with  the  formation  of  small  abscesses.  The  bacillus  was  found  in 
the  blood  and  the  organs  generally.  Injections  into  the  bladder  of 
rabbits  almost  always  gave  rise  to  a  severe  purulent  cystitis — large 
rabbits  were  selected  and  great  care  taken  not  to  injure  the  mucous 
membrane  of  the  bladder.  Schnitzler  was  not  able  to  induce  cystitis 
in  rabbits  by  injecting  in  the  same  way  considerable  quantities  of  a 
culture  of  Staphylococcus  pyogenes  aureus. 

Guyon  (1888)  did  not  succeed  in  inducing  cystitis  by  the  injection 
of  pure  cultures  of  various  microoi^anisms  into  the  bladder,  unless 
he  at  the  same  time  produced  an  artificial  retention  of  urine.  His 
experimental  results  are  therefore  in  accord  with  those  of  Rovsing, 
who  found  that  without  mechanical  injury,  or  artificial  retention 
until  ammoniacal  fermentation  had  occurred,  no  results  followed  his 
injections  into  the  bladder. 

DENGUE. 

McLaughlin  (1886)  has  claimed  to  find  micrococci  in  the  blood  of  pa- 
tients suffering  from  dengue.  No  satisfactory  evidence  of  their  etiological 
relation  has  been  presented,  and  his  observations  have  not  yet  been  con- 
firmed by  other  investigators. 

ECZEMA  EPIZOOTICA. 

Synonym^ — Foot  and  mouth  disease. 

This  is  an  infectious  disease  of  homed  cattle,  characterized  by  a  vesicular 
eruption  in  the  mouth  and  about  the  feet.  It  affects  also  sheep  and  pigs 
and  may  be  communicated  to  man. 

Up  to  the  present  tim^  no  satisfactory^  demonstration  has  been  made  of 
the  specific  infectious  agent;  but  Schotteuus  has  recently  (1892)  described  a 
microor^tnism  which  he  thinks  may  bear  an  etiological  relation  to  the  dis- 
ease. His  inoculation  experiments  do  not,  however,  sustain  this  view,  inas- 
much as  the  characteristic  vesicles  were  never  developed  in  inoculated 
calves,  and  experiments  upon  other  animals  gave  a  negative  result.  In 
young  cattle  small  doses  (one  cubic  centimetre)  of  a  bouHlon  culture  gave 
rise  to  a  slight  fever  and  loss  of  appetite,  while  larger  doses  produced  an  in- 
tense fever,  salivation,  and  great  debility.  But  recoverv  occurred  at  the 
end  of  five  or  six  days  without  any  aphthous  eruption.  Schottelius  obtained 
from  the  clear  contents  of  the  vesicles  in  the  mouth  various  bacteria 
which  he  believes  to  have  been  accidentallv  present.  After  making  a  con- 
siderable number  of  culture  experiments  his  attention  was  attracted  by  a 
spherical  microorganism,  united  in  chains,  which  grew  very  slowly  in  the 
ordinary  culture  media.    This  he  describes  as  follows  : 

The  individual  cells  vary  greatly  in  diameter,  and  are  considerably  larger 
than  known  micrococci ;  they  are  associated  in  longer  or  shorter  chains,  and 
are  endowed  with  active  movements.  According  to  Schottelius,  they  be- 
long to  the  ''streptocuten^^  rather  than  to  the  streptococci.  They  do  not 
stain  readily  with  methylene  blue,  but  may  be  stained  with  gentian  violet 
and  by  Gram's  method.  Development  does  not  occur  at  temperatures  below 
ST  to  39"  C.  The  most  suitable  culture  medium  was  found  to  be  bouillon  or 
glycerin  a^jar  to  which  formate  of  soda  had  been  added  (amount  ?).  Growth 
occurred  in  an  atmosphere  of  COi  as  well  as  in  atmospheric  air.  Upon 
plates  of  nutrient  agar— containing  glycerin  and  formate  of  soda— at  37""  C, 
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very  delicate,  almost  transparent  colonies  developed;  they  were  of  a  pearl- 
gray  color;  with  an  irregular,  rosette-like  margin ;  in  the  course  of  several 
weeks  they  attained  a  diameter  of  one  to  one  and  one-half  millimetres. 
Upon  potato  a  scanty,  grayish-white,  dry  layer  is  developed.  Under  the 
most  favorable  conditions  the  development  was  very  slow — not  more  rapid 
than  that  of  the  tubercle  bacillus. 

EMPYEMA. 

A.  Frankel  (1888),  as  a  result  of  his  bacteriological  studies  in 
twelve  cases  of  empyema,  divides  the  cases  into  four  groups.  In 
one  group  of  three  cases  Streptococcus  pyogenes  was  the  only  micro- 
organism obtained  in  his  cultures  or  seen  in  stained  preparations  of 
pus  from  the  pleural  cavity.  In  a  second  group  of  three  cases,  oc- 
curring in  the  course  of  a  pneumonia,  the  only  microorganism  pre- 
sent was  "  diplococcus  pneumoniae  "  (Micrococcus  pneumoniad  crou- 
posse).  The  third  group  included  four  cases  of  tubercular  empyema ; 
in  one  of  these  tubercle  bacilli  only  were  found  in  pus  from  the 
pleural  cavity,  in  one  case  streptococci  were  found,  and  in  two  no 
microorganisms  were  found.  In  the  fourth  group  of  two  cases  the 
empyema  resulted  from  the  opening  of  an  abscess  into  the  pleural 
cavity,  and  streptococci  were  found  in  the  pus. 

Netter,  in  a  series  of  forty-six  cases  examined  by  him,  found 
Micrococcus  pneumoniaB  crouposse  in  fourteen.  Koplik  (1890)  found 
the  same  microorganism  in  seven  cases  examined  by  him,  and  Strep- 
tococcus pyogenes  in  two  cases. 

ENDOCARDITIS. 

The  experimental  evidence  relating  to  endocarditis  is  similar  to 
that  in  cystitis.  The  injection  of  the  microorganisms  found  attached 
to  the  diseased  structures  into  the  circulation  of  lower  animals  does 
not  produce  endocarditis  unless  the  valves  have  been  previously  in- 
jured by  mechanical  violence  or  by  chemical  irritants.  If  some 
doubt  remains  among  pathologists  as  to  the  etiological  relation  of  the 
microorganisms  foimd,  the  serious  secondary  results  of  the  mycotic 
invasion  are  well  established.  In  a  series  of  twenty-nine  cases 
studied  by  Weichselbaum  (1885-1888)  the  following  results  were  ob- 
tained :  In  eight  the  result  of  culture  experiments  and  microscopical 
examination  was  negative;  in  seven  ** diplococcus  pneumoniae " 
(Micrococcus  pneumoniae  crouposae)  was  found ;  in  six  Streptococcus 
pyogenes ;  in  two  Staphylococcus  pyogenes  aureus ;  in  two  Bacillus 
endocarditidis  griseus  (Weichselbaum);  in  one  Micrococcus  endocar- 
ditidis  rugatus  (Weichselbaum) ;  in  one  Bacillus  endocarditidis  cap- 
sulatus  (Weichselbaum) ;  in  two  cases  a  bacillus  which  he  did  not 
succeed  in  cultivating.  For  further  details  see  the  descriptions  of 
microorganisms  referred  to. 
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ERYTHEMA. 

Gordua  (1885)  obtained  from  a  series  of  cases  of  an  erysipelatoid  skin 
affection  of  the  finj|;ers  and  hands,  which  he  identified  as  corresponding  with 
erytiiema  exudativum  multiforme  of  Hebra,  a  micrococcus  resembling 
Staphylococcus  pyogenes  albus  in  its  biological  characters,  but  which  he  de- 
scribes as  being  three  to  four  times  as  large.  Inoculations  in  animals  were 
without  result,  but  two  inoculations  upon  his  own  hand  produced  a  dark-red 
tumefaction  in  the  vicinity  of  the  point  of  inoculation  resembling  that  in  the 
individuals  from  whom  he  obtained  his  cultures. 

In  two  cases  of  **  polymorphous  erythema  *^  Haushalter  (1887)  isolated  a 
streptococcus  which  did  not  produce  an  erysipelatous  inflammation  when  in- 
ocuukted  into  the  ear  of  rabbits,  and  which  ne  supposed  to  be  a  different  species 
from  the  now  better  known  Streptococcus  pjogenes  (?).  In  five  cases  of 
erythema  nodosum  in  children  Demme  obtained  a  bacillus  which  his  in- 
oculation experiments  proved  to  be  pathogenic,  and  which  was  perhaps  con- 
cerned in  the  etiology  of  the  skin  affection  from  which  his  cultures  were  ob- 
tained (see  Bacillus  of  Demme,  No.  107). 

GRANULOMA  FUNGOIDES   (MYCOSIS  FUNGOIDES). 

Rindfleisch  (1885)  and  Auspitz  (1885)  report  the  presence  of  streptococci 
in  the  camllary  vessels  of  the  papillary  body  and  of  the  subcutaneous  tissue 
in  the  affected  localities  in  cases  of  this  disease.  That  the  streptococcus 
differs  from  Streptococcus  pyogenes,  as  Auspitz  supposes,  has  not  been  defi- 
nitely established. 

HYDROPHOBIA. 

Notwithstandinfip  the  extended  researches  made,  especially  in  Pasteur^s 
laboratory,  the  etiology  of  hydrophobia  still  remains  unsettled.  It  has  been 
demonstrated  by  experiment  that  the  virus  of  the  disease  is  located  in  the 
brain,  spinal  marrow,  and  nerves  of  animals  which  have  succumbed  to  the 
disease,  as  well  as  in  the  salivary  secretions  of  rabid  animals,  and  that  the 
disease  may  be  transmitted  by  mtravenous  inoculation,  or  by  introducing  a 
small  quantity  of  virus  beneath  the  dura  mater,  with  ipfreater  certainty  tlmn 
by  subcutaneous  inoculations.  But  the  exact  nature  of  this  virus  has  not  been 
determined.  The  fact  that  a  considerable  interval  elapses  after  inoculation 
before  the  first  symptoms  are  developed  indicates  that  there  is  a  multiplica- 
tion of  the  virus  in  the  body  of  tne  infected  animal ;  and  this  is  further 
shown  by  the  fact  that  after  death  the  entire  brain  and  spinal  marrow  of  the 
animal  have  a  virulence  equal  to  that  of  the  material  with  which  it  was  in- 
oculated in  the  first  instance.  The  writer's  experiments  (1887)  show  that  this 
virulence  is  neutralized  bv  a  temperature  of  60  C.  maintained  for  ten  min- 
utes—-a  temperature  which  is  fatal  to  all  known  pathogenic  bacteria  in  the 
absence  of  spores.  But  recent  experiments  show  that  certain  toxic  products 
of  bacterial  growth  are  destroyed  by  the  same  temperature.  We  are,  there- 
fore, not  justified  in  assuming  that  the  morbid  phenomena  are  directly  due 
to  tiie  presence  of  a  living  microorganism ;  and,  indeed,  it  seems  probable, 
from  what  we  already  know,  that  the  symptoms  developed  and  the  death  of 
the  animal  are  due  to  the  action  of  a  potent  chemical  poison  of  the  class 
known  as  toxalbumins.  But,  if  this  is  true,  we  have  still  to  account  for  the 
production  of  the  toxic  albuminoid  substance,  and,  in  the  present  state  of 
knowled^,  have  no  other  way  to  explain  its  increase  in  the  body  of  the  in- 
fected aniinal  than  the  supposition  that  a  specific,  living  germ  is  present  in 
the  virulent  material,  the  introduction  of  which  into  the  Dody  of  a  suscep- 
tible animal  gives  rise  to  morbid  phenomena  characterizing  an  attack  of 
rabies. 

Pasteur  and  his  associates  have  thus  far  failed  to  demonstrate  the  pre- 
sence of  microorganisms  in  the  virulent  tissues  of  animals  which  have  suc- 
cumbed to  an  attack  of  rabies.    Babes  has  obtained  micrococci  in  cultures 
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from  the  brain  and  spinal  cord  of  rabid  animals,  and  states  in  bis  article  on 
hydrophobia  in  **  Les  Bacteries"  (second  edition,  page  791)  that  pure  culturfis 
of  the  second  and  third  generations  induced  rabies  in  susceptible  animals;  but 
his  own  later  researches  do  not  appear  to  have  establishea  the  etiological  re- 
lation of  this  micrococcus. 

Gibier  (1884)  has  reported  the  presence  of  spherical  refractive  granules, 
resembling  micrococci,  in  the  brain  of  rabid  animals,  which  he  demonstrated 
by  rubbing  up  a  little  of  the  cerebral  substance  with  distilled  water.  As 
these  supposed  micrococci  did  not  stain  with  the  usual  aniline  colors  and 
were  not  cultivated,  it  appears  very  doubtful  whether  the  refractive  granules 
seen  were  really  microorganisms. 

Fol  (1885)  claims  to  have  demonstrated  the  presence  of  minute  cocci,  0.2  u 
in  diameter,  in  sections  of  spinal  cord  from  rabid  animals,  by  Weigert  s 
method  of  staining.  The  cords  were  hardened  in  a  solution  of  bichromate 
of  potash  and  sulphate  of  copper,  colored  with  a  solution  of  haematoxylou, 
and  decolorized  in  a  solution  of  ferrocyanide  of  potash  and  borax. 

The  writer  (1887)  has  made  similar  preparations,  carefully  following  the 
method  as  described  by  Fol,  but  was  not  able  to  demonstrate  the  presence  of 
microoi^^anisms  in  the  numerous  sections  made.  Nor  have  the  observations 
of  Fol  been  confirmed  by  the  researches  of  other  bacteriologists  who  have 
given  their  attention  to  the  subject  since  the  publication  of  his  paper. 

With  reference  to  the  results  of  Pasteur's  protective  inocumtions^  we 
may  say  that  it  is  now  pretty  generally  admitted  that  the  published  statistics 
demonstrate  the  prophylactic  value  of  the  method  as  practised  at  the  Pasteur 
Institute  in  Paris. 

In  a  paper  by  Perdrix  published  in  the  Annales  de  TTnstitut  Pasteur, 
vol.  iv.,  1890,  the  following  statistics  are  given  for  the  years  1886-89: 


Tear. 

Number  treated. 

reatli& 

Xoftality. 

1886 

2,671 
1,770 
1,622 
1.830 

25 

13 

9 

6 

0.94jt 
0  73 

1887 

1888 

1889 

0.55 
0  33 

Total     

7,893 

53 

0.67!^ 

This  table  includes  only  those  deaths  which  occurred  at  least  fifteen  days 
after  the  treatment  was  terminated.  When  all  deaths  are  included  the  fig- 
ures are  as  follows : 


Year. 

Number  treated. 

Deaths. 

Mortality. 

1886 

2,682 
1,778 
1,625 
1,834 

36 

21 
12 
10 

1.18 
0.74 
0.54 

1887 

1888 

1889 

Total 

7,919 

79 

0.92j( 

In  the  statistics  of  the  Pasteur  Institute  the  cases  have  from  the  com- 
mencement been  classified  as  follows: 

A.  Persons  bitten  by  animals  proved  to  be  rabid  by  experimental  inocu- 
lations in  other  animals. 

B.  Persons  bitten  by  animals  examined  by  veterinary  surgeons  and  pro- 
nounced by  them  to  be  rabid. 

C.  Persons  bitten  by  animals  suspected  of  being  rabid. 

The  following  table  gives  the  results  in  accordance  ^vith  this  classification : 
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Year 

A. 

B. 

C. 

Number 
treated. 

Died. 

MortaUty. 

Number 
treated. 

Died. 

Mortality. 

Number 
treated. 

Died. 

MortaUty. 

1886... 
1887.... 
1888.... 
1889... 

228 
857 
408 
848 

5 

2 

7 
4 

2.15^ 
0.56 
1.74 
1.15 

1,931 

1,161 

974 

1,188 

24 

15 
4 
3 

1.24jr 
1.29 
0.41 
0.25 

518 
260^ 
248 
298 

7 
4 
1 
8 

1.35^ 
1.54 
0.40 
1.00 

Total. 

1,841 

18 

1.84jr 

5,254 

46 

0.88% 

1,824 

15 

1.135f 

At  the  meeting  of  the  Tenth  International  Medical  Congress  in  Berlin 
(1890),  Babes  reported  that  in  the  Pasteur  Institute  at  Bucharest  about  three 
hundred  persons  are  inoculated  'sreaAj,  with  a  mortality  of  0.4  per  cent,  in 
eases  bitten  by  dogs,  most  of  which  were  demonstrated  to  have  been  rabid 
by  inoculation  experiments  made  at  the  Institute. 

The  recent  researches  of  Tizzoni  and  Schwartz  (1802)  show  that 
the  blood  of  rabbits  which  have  an  artificial  immunity  against  ra- 
bies contains  an  antitoxine  which  has  the  power  of  neutralizing  the 
virus  of  rabies,  either  in  a  test  tube  or  in  the  body  of  an  inoculated 
animal.  Their  experiments  indicate  the  possibility  of  curing  rabies 
in  man  by  subcutaneous  inoculations  of  this  antitoxine  extracted 
from  the  blood  serum  of  immune  rabbits. 

ICTERUS. 

Eiarlinsky  (1890),  in  a  series  of.  five  cases  of  "  infectious  icterus  "  attended 
with  fever,  found  in  the  blood,  during  the  height  of  the  attack,  curved 
bacilli  from  two  to  six  /i  long  and  one-thiS  to  one  ju  broad,  which  were  readily 
stained  by  the  usual  aniline  colors,  but  not  by  Gram's  method.  These  he 
did  not  succeed  in  cultivating  in  any  of  the  culture  media  usually  employed. 

Ducamp  (1890)  has  also  given  an  account  of  a  '  ^  slight  epidemic  of  infec- 
tious icterus, ''  which  he  supposes  to  have  been  due  to  microorganisms. 

LEPROSY. 

No  satisfactory  experimental  demonstration  that  the  Bacillus 
leprae  is  the  cause  of  the  disease  with  which  it  is  associated  has  yet 
been  made ;  but  there  is  very  little  doubt  among  bacteriologists  and 
pathologists  that  such  is  the  case.  For  the  facts  relating  to  its  pre- 
sence in  leprous  tissues,  its  morphology,  etc.,  the  reader  is  referred 
to  the  descriptive  account  of  Bacillus  leprae  (No.  63,  page  394). 

MALARIA. 

Ellebs  and  Tommasi'Crudeli,  as  a  result  of  researches  made  by  them  in 
the  vicinity  of  Borne  (1879),  announced  the  discovery  of  a  bacillus  which 
they  supposed  to  be  the  cause  of  malarial  fevers — their  Bacillus  mala- 
rise.  The  writer  repeated  their  experiments  the  following  year  (1880)  in  the 
vicinity  of  New  Orleans,  and  reported  as  follows; 

'*  Among  the  or^nisms  found  upon  the  surface  of  swamp  mud  near 
N'ew  Orleans,  and  m  the  gutters  within  the  city  limits,  are  some  which 
closely  resemble,  and  perhaps  are  identical  with,  the  Bacillus  malariae  of 
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Klebs  and  Tommasi-Orudeli ;  but  there  is  no  satisfactory  evidence  that  these 
or  any  of  the  other  bacterial  organisms  found  in  such  situations,  when  in- 
jected beneath  the  skin  of  a  rabbit,  give  rise  to  a  malarial  fever  corre- 
sponding with  the  ordinarv  paludal  fevers  to  which  man  is  subject. 

"  The  evidence  upon  wnich  Klebs  and  Tommasi-CrudeH  have  based  their 
claim  of  the  discovery  of  a  Bacillus  malariae  cannot  be  accepted  as  sufficient; 
(a)  because  in  their  experiments  and  in  my  own  the  temperature  curve  in 
the  rabbits  experimented  upon  has  in  no  case  exhibited  a  marked  and  dis- 
tinctive paroxysmal  character;  (b)  because  healthy  rabbits  sometimes  exhi- 
bit diurnal  variations  of  temperature  (resulting  apparently  from  changes  in 
the  external  temperature)  as  marked  as  those  shown  in  their  charts;  (c)  be- 
cause changes  in  the  spleen  such  as  thev  describe  are  not  evidence  of  death 
from  malarial  fever,  inasmuch  as  similar  changes  occur  in  the  spleens  of 
rabbits  dead  from  septicaemia  produced  by  the  subcutaneous  injection  of 
human  saliva:  (d)  because  the  presence  of  dark-colored  pigment  in  the 
spleen  of  a  rabbit  cannot  be  taken  as  evidence  of  death  from  malarial  fever, 
inasmuch  as  this  is  frequently  found  in  the  spleens  of  septicsemic  rabbits/' 

Later  researches  have  also  failed  to  connrm  the  supposed  discovery  of 
Klebs  and  Tommasi-Crudeli,  and  it  is  now  generally  admitted  that  there  is 
no  satisfactory  evidence  in  favor  of  the  view  that  microorganisms  of  this 
class  are  concerned  in  the  etiology  of  the  malarial  fevers.  On  the  other 
hand,  we  have  now  very  extendefl  observations  which  indicate  that  tilie  blood 
parasite  discovered  by  Ijaveran  (1881)  in  the  blood  of  patients  suffering  from 
various  forms  of  malarial  fever  bears  an  etiological  relation  to  fevers  of  this 
class.  This  haematozoon  belongs  to  quite  a  different  class  of  microorgan- 
isms. It  was  first  described  by  Laveran  as  the  OscUlaria  malarise,  but  is 
more  frequently  spoken  of  at  present  as  the  Plasmodium  malariae. 

MEASLES. 

The  etiology  of  measles  and  of  the  specific  eruptive  febrile  diseases  gene- 
rally still  remains  unsettled.  The  occasional  presence  of  micrococci  in  the 
blood  of  patients  with  measles,  which  has  been  noted,  is  without  doubt  due  to 
a  secondary  or  mixed  infection  by  one  of  the  common  pyogenic  micrococci. 
In  pneumonia  occurring  during  the  course  of  an  attack  of  measles  the  Mi- 
crococcus pneumoniae  crouposae  is  usually  found  in  the  pulmonary  exudate. 

No  great  importance  can  be  attached  to  the  observations  made,  with  re- 
ference to  the  presence  of  microorganisms  in  this  disease,  prior  to  the  intro- 
duction of  Koch's  plate  method  and  the  use  of  solid  culture  media  for  the 
differentiation  of  oacteria  similar  in  their  morphology.  Recently  (1892) 
Canon  and  Pielicke,  of  Berlin,  have  announced  the  discovery  of  a  minute 
bacillus  in  the  blood  of  patients  (fourteen)  with  measles,  which  may  turn  out 
to  be  the  specific  infectious  agent  in  this  disease.  But  this  cannot  be  con- 
sidered demonstrated  by  the  researches  thus  far  made.  (See  Bacillus  of 
Canon  and  Pielicke,  No.  486.) 

MENINGITIS. 

See  Cerebro-spiual  meningitis^  page  515. 

NEPHRITIS. 

The  various  microorganisms  which  have  occasionally  been  found  in  the 
urine  of  cases  of  nephritis  are  probably  not  directly  related  to  the  renal  dis- 
ease. Numerous  oDservations  are  on  record  which  show  that  pathogenic 
microc)rganisms  present  in  the  blood  or  tissues  may  find  their  way  into  the 
urine  during  the  course  of  the  disease  due  to  their  presence.  In  these  cases 
it  is  probable  that  the  passage  of  bacteria  into  the  urine  depends  upon  struc- 
tural chanfifes  in  the  kidneys ;  but  that  these  changes  are  directly  due  to  the 
bacteria  is  by  no  means  established.     As  an  example  we  may  mention  that 
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the  bacillus  of  typhoid  fever  is  occasionally  found  in  the  unne  during  an 
attack  of  this  disease. 

Letzerich  (1887)  has  described  a  form  of  nei)hritis  which  he  ascribes  to  a 
bacillus  found  by  him  in  the  urine  and  in  sections  of  the  kidneys  of  rabbits 
inoculated  with  a  culture  of  this  bacillus. 

Lustgarten  and  Manneberg  (1887)  in  three  cases  of  acute  Brifi^ht^s  disease 
found  streptococci  in  the  urine,  which  thev  suppose  to  have  had  an  etiologi- 
cal relation  to  the  renal  disease.  The  following  year  Manneberg  reported 
eleven  additional  cases,  in  eight  of  which  he  found  the  same  streptococcus, 
which  he  believes  to  be  different  from  Streptococcus  pyogenes,  but  this  can- 
not be  considered  as  established.  Nor  has  he  shown  that  the  streptococcus 
obtained  by  him  from  the  urine  was  present  in  the  kidneys  of  his  patients, 
or  that  pure  cultures  of  this  streptococcus  produce  acute  nephritis  when  in- 
oculated into  lower  animals. 


OSTEOMYELITIS. 

The  evidence  with  reference  to  the  presence  of  Staphylococcus 
pyogenes  aureus  in  acute  osteomyelitis  and  its  probable  etiological 
relation  to  the  cases  in  which  it  is  found,  is  given  in  the  article  de- 
scriptive of  this  microorganism ;  but  the  researches  of  Kraske  (1886) 
and  of  Lamelongue  and  Achard  (1890)  show  that  the  ^^  golden  sta- 
phylococcus "  is  not  always  found  in  osteomyelitis.  The  last-named 
investigators,  in  a  series  of  thirteen  cases,  found  Staphylococcus 
pyogenes  aureus  in  four  only,  and  in  one  of  these  Staphylococcus 
pyogenes  albus  was  also  present ;  in  three  cases  Staphylococcus 
pyogenes  albus  was  obtained  in  pure  cultures ;  in  two  cases  it  was 
associated  with  Streptococcus  pyogenes  ;  and  in  two  cases  a  strepto-. 
coccus  was  found  which  resembled  Streptococcus  pyogenes  and  yet 
differed  from  it  in  some  particulars. 

OTITIS  MEDIA* 

In  otitis  media  various  microorganisms  have  been  found  in  pus 
obtained  by  paracentesis  of  the  tympanum,  as  well  as  in  the  chronic 
discharge  after  perforation ;  and  there  can  be  but  little  doubt  that 
these  microorganisms  are  responsible,  directly  or  indirectly,  for  the 
inflammatory  process  and  pus  formation.  The  following  species  are 
most  frequently  found  in  the  purulent  discharge  in  recent  cases 
of  otitis  media:  Micrococcus  pneumonias  crouposae  (" diplococcus 
pneumonisB  "),  Streptococcus  pyogenes,  Staphylococcus  pyogenes  al- 
bus, Staphylococcus  pyogenes  aureus,  Friedlander's  bacillus.  The 
following  have  also  been  found  occasionally :  Staphylococcus  tenuis. 
Bacillus  tenuis,  Micrococcus  tetragenus,  Bacillus  pyocyanus. 

According  to  Zauf  al.  Micrococcus  pneumonise  crouposae  is  most 
frequently  found  in  cases  which  result  from  exposure  to  cold,  while 
the  ordinary  pus  cocci  are  more  frequently  foimd  in  otitis  which  is 
secondary  to  specific  febrile  diseases. 
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OZiENA. 

The  researches  of  Thost,  Klamann^  Hajek,  and  others  show  that 
Friedlander's  bacillus  is  present  in  the  nasal  secretions  in  a  consider- 
able proportion  of  the  cases  of  ozaena,  but  its  etiological  relation  to 
the  morbid  condition  which  gives  rise  to  the  oflfensive  discharge  has 
not  been  established. 

Thost  found  this  bacillus  in  twelve  out  of  seventeen  cases  studied 
by  him,  and  frequently  almost  in  a  pure  culture  ;  but  he  also  found 
it  in  rhinitis  from  syphihtic  ulceration,  from  polypus,  and  in  simple 
coryza. 

Hajek  found  Friedlander's  bacillus  in  seven  out  of  ten  cases 
studied  by  him,  but  it  was  associated  with  various  other  species  of 
bacteria,  and  especially  with  the  pyogenic  micrococci  and  with  Ba- 
cillus fluorescens  hquef  aciens.  He  also  obtained  almost  constantly 
his  Bacillus  foetidus  oziense  (No.  111)^  which  appears  to  have  been 
the  cause  of  the  foetid  odor  of  the  nasal  discharge. 

Marano  (1890)  in  ten  cases  of  ozaena  found  a  capsule  bacillus  in 
the  nasal  secretions  which  closely  resembles  Friedlander's  bacillus, 
but  which  he  believes  not  to  be  identical  with  it. 

PAROTITIS. 

No  demonstration  of  a  specific  microorganism  in  mumps  has  been 
made,  but  in  non-specific,  suppurative  parotitis  one  or  other  of  the 
pyogenic  micrococci  appears  to  be  the  cause  of  the  inflammation  and 
pus  formation.  In  parotitis  occurring  as  a  complication  of  pneu- 
monia Micrococcus  pneumoniae  crouposae  has  been  found  as  the  only 
microorganism  in  pus  from  the  inflamed  gland  (Testi,  Duplay). 

PEMPHIGUS. 

Demme  (1886)  has  cultivated  a  diplococcus  from  a  case  of  acute 
pemphigus  which  possibly  is  related  to  this  disease  (see  Micrococcus 
of  Demme,  No.  27,  page  319).  The  same  coccus  was  found  by  Dahn- 
hardt  in  a  similar  case. 

PERITONITIS. 

That  peritonitis  usually  results  from  the  presence  of  micro- 
organisms in  the  cavity  of  the  abdomen  seems  to  be  pretty  well 
established  by  experimental  evidence  and  by  bacteriological  re- 
searches in  cases  of  this  disease.  Mechanical  irritants,  like  finely 
powdered  glass  (writer's  experiments),  introduced  into  the  cavity  of 
the  abdomen  of  rabbits,  do  not  cause  peritonitis  unless  microorgan- 
isms are  introduced  at  the  same  time ;  the  minute  fragments  of 
glass  become  encysted  and  the  animal  remains  in  good  health.  But 
Pemice  has  shown  that  peritonitis  may  be  induced  in  rabbits  and  in 
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guinea-pigs  by  injecting  into  the  cavity  of  the  abdomen  various 
chemical  substances,  such  as  concentrated  mineral  acids,  acetic  acid, 
phenol,  nitrate  of  silver,  etc.  It  is  also  demonstrated  by  numerous 
experiments  that  pure  cultures  of  various  bacteria  injected  into  the 
cavity  of  the  abdomen  of  the  animals  mentioned  may  produce  a 
fibrinous  or  a  purulent  peritonitis.  Among  these  is  the  Bacillus  coli 
communis,  which  is  constantly  present  in  the  intestine  of  healthy 
persons ;  and  in  peritonitis  following  perforation  of  the  bowel  it  is 
probable  that  this  bacillus  is  responsible,  in  part  at  least,  for  the  in- 
tense peritoneal  inflammation  which  so  quickly  occurs.  In  puerperal 
peritonitis  the  pus  cocci,  and  especially  Streptococcus  pyogenes, 
appear  to  be  the  usual  cause  of  the  inflammatory  process. 

Weichselbaum  has  observed  two  cases  of  primary  peritonitis  and 
pleuritis  apparently  induced  by  Micrococcus  pneumoniae  crouposse, 
as  this  microorganism  was  found  in  the  exudate  into  the  peritoneal 
cavity.  The  same  author,  in  a  case  of  peritonitis  resulting  from 
rupture  of  the  spleen  in  the  course  of  typhoid  fever,  obtained  a  pure 
culture  of  the  typhoid  bacillus  from  the  peritoneal  cavity. 

The  recently  published  (1891)  results  of  A.  Frankers  researches 
are  as  follows :  In  thirty-one  cases  examined  pure  cultures  were 
obtained  in  twenty,  viz. :  Bacillus  coli  communis,  nine  times ;  strep- 
tococci, seven  times ;  Bacillus  lactis  aerogenes,  twice ;  Micrococcus 
pneumoniae  crouposae,  once  ;  Staphylococcus  pyogenes  aureus,  once. 
In  three  cases  Bacillus  coli  communis  was  present  in  association  with 
other  bacilli,  and  in  four  cases  the  bacteriological  examination  gave 
a  negative  result. 

PLEURITIS. 
See  Empyema,  page  520. 

PLEURO-PNEUMONIA  OF  CATTLE. 

This  is  an  infectious  disease,  the  etiology  of  which  is  still  undetermined, 
notwithstanding  the  researches  of  numerous  bacteriologists.  Various  bac- 
teria have  been  isolated  from  the  exudate  into  the  pulmonary  alveoli,  but 
there  is  no  satisfactory  proof  that  any  one  of  these  is  the  specific  cause  of  the 
disease. 

PURPURA  HJEMORRHAGICA. 

See  account  of  bacilli  found  in  purpura  haemorrhagica  by  Babes 
(No.  146),  Kolb  (No.  147),  and  Tizzoni  and  Giovannini  (No.  145). 

RHINOSCLEROMA. 

See  Bacillus  of  rhinoscleroma  (No.  58). 

SCARLET   FEVER. 

The  specific  infectious  agent  in  scarlet  fever  has  not  been  demonstrated. 
In  the  diphtheritic  exudate  n^uently  seen  in  the  angina  of  scarlet  fever  a 
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streptococcus  is  commonly  found  which  appears  to  be  identical  with  Strep- 
tococcus pyogenes;  and  in  the  secondary  affections  which  occur  in  the 
course  of  this  disease  or  during  convalescence,  when  suppuration  occurs,  one 
or  the  other  of  the  common  pyogenic  micrococci  is  usually  found  and  is 
doubtless  the  cause  of  the  local  inflammatory  process.  (See  Otitis  media, 
page  525.) 

SYPHILIS. 

The  etiology  of  syphilis  has  not  been  determined  by  the  researches  of 
bacteriologists.  Fo/an  account  of  the  microorganisms  which  have  been  en- 
countered in  syphilitic  lesions  the  reader  is  referred  to  the  article  on  the 
Bacillus  of  Lustgarten  (No.  55). 

OF  CATTLE, 

BiUinffs  (1888)  has  announced  the  discovery  of  a  bacillus  in  the  blood  of 
cattle  suffering  from  Texas  fever,  which  he  sunposes  to  be  the  cause  of  this 
disease,  but  the  investigations  of  other  bacteriologists  have  failed  to  confirm 
the  alleged  discovery.  It  appears  probable  that  a  mistake  in  diagnosis  was 
made,  and  that  the  disease  studied  by  Billinsis  was  an  infectious  form  of 
septicaemia  in  cattle  similar  to  the  Rinderseucne  of  (jherman  authors.  The 
microorganism  which  he  has  described  as  coming  from  the  blood  of  the  in- 
fected animals  resembles  in  its  morphology  Bacillus  septicsemise  h£emor> 
rhagicae  (No.  61),  and,  if  not  identical  with  this  widely  distributed  species, 
appears  to  be  very  nearly  related  to  it. 

TYPHUS  FEVER. 

The  etiology  of  typhus  fever  has  not  been  determined  in  a  definite  man- 
ner. Hlava(1888)  has  described  a  **streptobacillus"  which  he  supposes  to 
be  concerned  in  the  etiolog]y  of  this  extremely  contagious  disease:  out  it  has 
been  shown  by  other  investigators  that  this  bacillus  is  not  constantly  present, 
and  there  is  no  satisfactory  evidence  that  it  is  the  specific  infectious  agent. 
Thoinot  and  Calmette  encountered  the  streptobacillus  of  Hlava  and  various 
other  micro5^fanisms  in  a  certain  proportion  of  the  cases  examined  by  them ; 
but  no  one  or  these  was  constantly  present.  *'An  interesting'  organism," 
which  they  did  not  succeed  in  cultivating,  was  found  in  the  hlSod  of  all 
cases  examined  by  the  investigators  last  mentioned. 

VARICELLA. 

Various  micro^r^nisms  have  been  found  in  the  contents  of  the  vesicles 
and  pustules  of  varicella,  but  there  is  no  evidence  that  any  one  of  these 
bears  an  etiological  relation  to  this  specific  eruptive  fever. 

VARIOLA  AND  VACCINIA. 

The  etiolo^  of  small-pox  still  remains  undetermined.  The  coinmon  pus 
cocci  and  various  other  microorganisms  are  found  in  the  characteristic  pus- 
tular eruption,  and  various  microorganisms  have  been  isolated  from  vac- 
cine vesicles ;  but  no  one  of  these  has  been  shown  to  possess  the  specific 
pathogenic  power  of  unfiltered  lymph  from  the  same  source.  The  experi- 
ments of  Carstens  and  Ooert  show  that  the  specific  virulence  of  vaccine 
lymph  is  destroyed  by  ten  minutes^  exposure  to  a  temperature  of  64°  C.  And 
the  writer's  experiments  show  that  various  disinfecting  agents  tested — chlo- 
ruie,  sulphur  dioxide,  nitrous  acid— destroy  the  infective  virulence  of  lympli 
dried  upon  ivory  points  in  about  the  same  proportion  as  is  required  for  tne 
destruction  of  some  of  the  best-known  pathogenic  bacteria.  But  this  does 
not  prove  that  virulence  depends  upon  tne  presence  of  a  living  microorgan- 
ism, however  probable  this  appears,  for  certain  toxalbumins  are  likewise 
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destroyed  by  a  correspondingly  low  temperature  and  by  the  action  of  vari- 
ous chemical  disinfectants. 

YELLOW    FEVER. 

In  the  writer's  *  *  B^x>rt  upon  the  Prevention  of  Yellow  Fever  by  Inocu- 
lation," submitted  in  March,  1888,  the  following  conclusions  are  given  as 
the  result  of  his  investigations  at  the  date  of  this  report: 

ConclusioTis. 

Facts  relating  to  the  endemic  and  epidemic  prevalence  of  yellow  fever, 
considered  in  connection  with  the  present  state  of  knowledge  concerning  the 
etiology  of  other  infectious  diseases,  justify  the  belief  that  yellow  fever  is 
due  to  a  living  microorganism  capable  of  development  under  favorable  local 
and  meteorological  conditions  external  to  the  human  body,  and  of  establish- 
ing new  centres  of  infection  when  transported  to  distant  localities. 

Inasmuch  as  a  single  attack  of  yellow  fever,  however  mild,  protects,  as  a 
rule,  from  future  attacks,  there  is  reason  to  hope  that  similar  protection  would 
result  if  a  method  could  be  discovered  of  inducing  a  mild  attack  of  the  dis- 
ease by  inoculation  or  otherwise. 

The  hypothetical  yellow-fever  germ,  multiplying  external  to  the  human 
body  in  unsanitary  places  in  tropical  regions  where  the  disease  is  endemic, 
or  auring  the  summer  months  in  the  area  of  its  occasional  epidemic  preva- 
lence, establishes  infected  localities,  and  susceptible  persons  contract  yellow 
fever  by  exposure  in  these  infected  areas.  We  infer,  therefore,  a  priori, 
that  the  yellow-fever  germ  invades  the  system  by  the  respiratory  tract,  by 
the  alimentary  canal,  or  from  the  general  surface  of  the  body,  and  it  should 
be  found  in  the  blood  and  tissues,  or  in  the  alimentary  canal,  or  upon  the 
surface. 

Another  possibility  presents  itself,  viz. ,  that  the  germ  multiplying  in  un- 
sanitary localities  external  to  the  body  produces  a  volatile  poison  which 
contaminates  the  air,  and  that  an  attack  is  induced  by  the  toxic  effects  of 
this  potent  chemical  poison.  The  more  or  less  prolonged  period  of  incuba- 
tion— ^two  to  five  days — in  numerous  cases  in  which  the  attack  has  been  de- 
veloped after  removal  from  the  infected  locality,  is  opposed  to  this  latter 
hypothesis. 

In  the  light  of  what  is  known  of  the  etiology  of  other  infectious  dis- 
eases, the  hypothesis  that  the  germ  really  finds  entrance  to  the  body  of 
the  person  attacked  and  multiplies  within  it  is  that  which  presents  itself  as 
most  probable,  and  it  hardly  seems  worth  while  to  consider  any  other,  un- 
less this  is  proved  by  a  complete  investigation  not  to  be  true. 

Naturally  the  attention  of  investigators  has  first  been  ^iven  to  a  search 
for  the  **  germ  "  in  the  blood  of  those  attacked  and  in  the  blood  and  tissues 
of  the  victims  of  the  malady. 

The  researches  made  up  to  the  present  time  have  failed  to  demonstrate 
the  constant  presence  of  any  microorganism  in  the  blood  and  tissues  of 
those  attacked. 

My  own  researches,  recorded  in  the  foregoing  report,  show  that  no  such 
microorganism  as  Dr.  Domingos  Freire,  of  Brazil,  has  described  in  his  pub- 
lished works,  or  as  he  presented  to  me  as  his  yellow-fever  germ  at  the  time 
of  my  visit  to  Brazil,  is  found,  as  he  asserts,  in  the  blood  and  tissues  of 
typical  cases  of  yellow  fever.  There  is  no  satisfactory  evidence  that  the 
method  of  inoculation  practised  by  Dr.  Domingos  Freire  has  any  prophy- 
lactic value. 

The  claims  of  Dr.  Carmona  y  Valle.  of  Mexico,  to  have  discovered  the 
specific  cause  of  yellow  fever  have  likewise  no  scientific  basis,  and  he  has 
failed  to  demonstrate  the  protective  value  of  his  proposed  method  of  pro- 
phylaxis. 

It  is  highly  important,  in  the  interest  of  science  and  of  the  public  health, 
that  further  investigations  be  made  by  more  exact  methods  which  have 
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been  perfected  since  Drs.  Freire  and  Carmona  made  their  researches,  and 
with  which  they  were  evidently  not  familiar. 

The  failure  thus  far  to  find  a  specific  microorganism  in  the  blood  or  tis- 
sues makes  it  desirable  that  a  thorough  research  should  be  made  with  refe-' 
rence  to  the  microorganisms  present  m  the  alimentary  canal,  for  it  is  possible 
that  in  yellow  fever,  as  in  cholera,  the  disease  is  induced  by  a  microorgan- 
ism which  multiplies  in  this  situation.  Additional  researches  are  also  re- 
Suired  before  we  can  say  definitely  that  there  is  no  germ  demonstrable  in 
le  blood  and  tissues.  Having  exhausted  our  resources  by  the  method  of 
direct  examination,  and  by  cultures  from  blood  drawn  during  Hfe,  it  is 
highly  desirable  that  various  culture  media  should  be  inoculated  with  mate- 
lial  taken,  with  proper  precautions,  from  the  various  organs  at  the  earliest 
possible  moment  after  death. 

The  results  of  subsequent  investigations  made  by  the  writer  in  Cuba 
during  the  summers  of  1888  and  1889  are  given  in  the  following  summary 
statement  from  the  Transactions  of  the  Tenth  International  Medical  Cou- 
gi-ess  (Berlin,  1890) : 

Bacteriological  Researches  in  YeUow  Fever. 

The  report  relates  to  investigations  made  in  Havana,  Cuba,  during  the 
summers  of  1888  and  1889,  in  Decatur,  Alabama,  during  the  autumn  of  188^. 
and  in  the  pathological  and  biological  laboratories  of  the  Johns  Hopkins 
University  during  the  winters  of  1888  and  1889. 

Forty-two  autopsies  were  made  in  typical  cases  of  yellow  fever  and  seven- 
teen autopsies  in  other  diseases  for  comparative  researches. 

Aerobic  and  anaerobic  cultures  were  made  from  the  blood,  the  liver,  the 
kidney,  the  urine,  the  stomach,  and  the  intestine. 

The  experimental  data  recorded  in  this  report  show  that: 

The  specific  infectious  agent  in  yellow  fever  has  not  been  demonstrated. 

The  most  approved  bacteriological  methods  fail  to  demonstrate  the  con- 
stant presence  of  any  particular  microorganism  in  the  blood  and  tissues  of 
yellow-fever  cadavers. 

The  microorganisms  which  are  sometimes  obtained  in  cultures  from  the 
blood  and  tissues  are  present  in  comparatively  small  numbers ;  and  the  one 
most  frequently  found  (Bacterium  coli  commune)  is  present  in  the  intestine 
of  healthy  individuals,  and  consequently  its  occasional  presence  cannot  have 
any  etiological  import. 

A  few  scattered  bacilli  are  present  in  the  liver,  and  probably  in  other  or- 

g[ins,  at  the  moment  of  death.    This  is  shown  by  pi*eserving  portions  of 
ver,  obtained  at  a  recent  autopsy,  in  an  antiseptic  wrapping. 
At  the  end  of  twenty-four  to  forty-eight  hours  the  interior  of  a  piece  of 
liver  so  preserved  contains  a  large  number  of  bacilli  of  various  species,  the 
most  abundant  being  those  heretofore  mentioned  as  occasionally  found  in 
f  i*esh  liver  tissue,  viz. ,  Bacterium  coli  commune  and  Bacillus  cadaveris. 

Blood,  urine,  and  crushed  liver  tissue  obtained  from  a  recent  autopsy  are 
not  patho^nic  in  moderate  amounts  for  rabbits  or  guinea-pigs. 

Liver  tissue  preserved  in  an  antiseptic  wrapping  at  a  temperature  of  2S' 
to  30^  C,  for  forty  eight  hours,  is  very  pathogenic  for  guinea-pigs  when  in- 
jected subcutaneous]  y.  • 

This  pathogenic  power  appears  to  be  due  to  the  microdrganisms  present 
id  to  the  toxic  produc 


and  to  the  toxic  products  developed  as  a  result  of  their  growth.  It  is  not 
peculiar  to  yellow  fever,  inasmuch  as  material  preserved  in  the  same  way 
at  comparative  autopsies,  in  which  death  resulted  from  accident  or  other 
diseases,  has  ^iven  a  similar  result. 

Having  failed  to  demonstrate  the  presence  of  a  specific  '^germ^^  in  the 
blood  and  tissues,  it  seems  probable  that  it  is  to  be  found  in  the  alimentary 
canal,  as  is  the  case  in  cholera.  But  the  extended  researches  made,  and  re- 
corded in  the  present  report,  show  that  the  contents  of  the  intestines  of  yel- 
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low-fever  cases  contain  a  great  variety  of  bacilli,  and  not  a  nearly  pure  cul- 
ture of  a  sing^le  species,  as  is  the  case  in  recent  and  t^^pical  cases  of  cholera. 

Comparatively  few  liquefying  bacilli  are  found  m  the  faeces  discharged 
during  life,  or  in  the  intestinal  contents  collected  soon  after  death  from  yel- 
low-fever cadavers.  On  the  other  hand,  non-liquefying  bacilli  are  very 
abundant. 

The  one  most  constantly  and  abundantly  present  is  the  Bacterium  coli 
commune  of  Escherich. 

This  is  associated  with  various  other  bacilli,  some  of  which  are  strict 
anaerobics  and  some  facultative  anaerobics. 

Among  the  facultative  anaerobics  is  one — ^my  Bacillus  X — which  has  been 
isolated  by  the  culture  method  in  a  considerable  number  of  cases  and  may 
have  been  present  in  all.  This  bacillus  has  not  been  encountered  in  the 
comparative  experiments  made.  It  is  very  pathogenic  for  rabbits  when  in- 
jected into  the  cavity  of  the  abdomen. 

It  is  possible  that  this  bacillus  is  concerned  in  the  etiology  of  yellow  fever, 
but  no  satisfactory  evidence  that  this  is  the  case  has  been  obtained  by  experi- 
ments on  the  lower  animals,  and  it  has  not  been  found  in  such  numbers  as 
to  warrant  the  inference  that  it  is  the  veritable  infectious  agent. 

All  other  microorganisms  obtained  in  pure  cultures  from  yellow-fever 
cadavers  appear  to  be  excluded,  either  by  having  been  identified  with  known 
species,  or  by  having  been  found  in  comparative  researches  made  outside  of 
the  area  of  yellow-fever  prevalence,  or  by  the  fact  that  they  have  only  been 
found  in  small  numbers  and  in  a  limited  number  of  cases. ' 

Finally  we  remark  that  many  facts  relating  to  the  origin  and  extension 
of  yellow-fever  epidemics  give  support  to  the  inference  that  the  specific  in- 
fectious agent  is  present  in  the  dejecta  of  tho^  suffering  from  the  disease, 
and  that  accumulations  of  faecal  matter,  and  of  other  organic  material  of  ani- 
mal origin,  furnish  a  suitable  nidus  for  the  development  of  the  ^^germ^^ 
when  cumatic  conditions  are  favorable  for  its  growth. 

It  may  be  that  such  a  nidus  is  essential,  and  that  the  culture  media 
usually  employed  by  bacteriologists  do  not  afford  a  suitable  soil  for  this  par- 
ticular microbe. 

It  is  also  possible  that  its  development  depends  u{K>n  the  presence  of  other 
microorganisms  found  in  faecal  matter,  whicn  give  rise  to  chemical  products 
required  for  the  development  of  this  one. 

Some  of  the  microorganisms  present  in  the  dejecta  of  yellow-fever  na- 
tients,  as  shown  by  stained  smear  preparations,  have  not  developed  in  Uie 
cultures  made,  either  aerobic  or  anaerobic.  One  extremely  slender  filiform 
bacillus,  which  can  only  be  seen  with  high  powers  and  which  is  quite  abun- 
dant in  some  of  my  preparations,  has  never  been  obtained  in  the  cultures 
made,  and  no  doubt  there  are  others  in  the  same  category. 

That  the  yellow-fever  germ  is  a  strict  anaerobic,  or  that  it  will  only  grow 
in  a  special  nidus,  may  be  inferred  from  certain  facts  relating  to  the  exten- 
sion of  ei)idemics. 

There  is  no  evidence  that  yellow  fever  is  propagated  by  contamination  of 
the  supply  of  drinking  water,  as  frequently,  ana  probably  usually,  occurs  in 
the  case  of  typhoid  fever  and  cholera.  Moreover,  epidemics  extend  in  a 
more  deliberate  manner  and  are  restricted  within  a  more  definite  area  tiian 
is  the  case  with  cholera  and  typhoid  fever.  It  is  usually  at  least  ten  days  or 
two  weeks  after  the  arrival  of  an  infected  vessel  or  of  a  person  sick  with  the 
disease  before  cases  of  local  origin  occur;  and  these  cases  occur  in  the  imme- 
diate vicinity  of  the  imported  case  or  infected  vessel.  When  the  disease  has 
effected  a  lodgment  the  area  of  infection  extends  slowly  and  usually  has 
well-defined  Isoundaries.    In  towns  and  cities  having  a  common  water  sup- 

*  The  possibility,  of  course,  remains  that  the  specific  infectious  agent  in  yellow 
fever  may  belong  to  an  entirely  different  class  of  microdrganisms  from  the  bacteria, 
or  that  it  may  be  ultra-microscopic  or  not  capable  of  demoastratlon  in  the  tissues 
bj  the  staining  methods  usually  employed  by  bacteriologists. 


Digitized  by  CjOOQIC 


632  BACTERIA  IN  CERTAIN  INFECTIOUS  DISEASES, 

ply  one  portion  remains  perfectly  healthy,  while  another,  and  usually  the 
most  filthy  portion,  may  be  decimated  by  the  scourge. 

The  experimental  evidence  recorded,  and  the  facts  just  stated,  seem  to 
justify  the  recommendation  that  the  dejecta  of  yellow-fever  patients  should 
be  regarded  as  infectious  material,  and  that  such  material  should  never  be 
thrown  into  privy  vaults  or  upon  the  soil  until  it  has  been  completely  disin- 
fected. 

This  rule  thoroughly  enforced,  together  with  an  efficient  Quarantine  ser- 
vice and  proper  attention  to  the  sanitarjr  police  of  our  exposed  seaport  cities, 
would,  I  believe,  effectuallv  prevent  this  pestilential  disease  from  again  ob- 
tainiug  a  foothold  within  the  limits  of  the  United  States. 
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XVII. 
CLASSIFICATION  OF  PATHOGENIC  BACTERIA. 

A.  BACTERIA     BELIEVED     TO    BE    THE     CAUSE    OF    INFECTIOUS 
DISEASES  IN  MAN. 

Tt^aurnatic  infections:  Staphylococcus  pyogenes  aureus  (No.  1); 
Staphylococcus  pyogenes  albus  (No.  2);  Streptococcus  pyogenes 
(Xo.  5). 

Gonorrhceal  infections  :  Micrococcus  gonorrhoeae  (No.  6). 

Croupous  pneumonia :  Micrococcus  pneumonisB  crouposse 
(Xo.  8). 

Anthrax  ("\vool-sorters'  disease '') :    Bacillus  anthracis  (No.  45). 

Typhoid  fever :  Bacillus  typhi  abdominalis  (No.  46). 

Diphtheria :  Bacillus  diphtheriae  (No.  47). 

Epidemic  influenza :  Bacillus  of  influenza  (No.  52). 

Tuberculosis :  BaciUus  tuberculosis  (No.  53). 

Leprosy :  Bacillus  leprae  (No.  54). 

Glanders :  Bacillus  mallei  (No.  55). 

Tetanus:  Bacillus  tetani  (No.  149). 

Relapsing  fever :  Spirillum  Obermeieri  (No.  163). 

Cholera :  Spirillum  cholerae  Asiaticae  (No.  155). 

B.  BACTERIA    ASSOCIATED    WITH    DISEASES    OF  MAN  WHICH  HAVE 
BEEN      SUPPOSED,     ON      MORE      OR      LESS      SATISFACTORY 
EVIDENCE,   TO  BE  THE  CAUSE  OF  THESE  DISEASES. 

Pneumonia :  Bacillus  of  Friedlander  (No.  7). 

Meningitis:  Diplococcus  intercellularis  meningitidis  (No.  9); 
Micrococcus  pneimioniae  crouposae  (No.  8);  Bacillus  meningitidis 
purulentsB  (No.  131). 

Biskra  button — "  Clou  de  Biskra " :  Micrococcus  of  Heyden- 
reich  (No.  26). 

Pemphigus  acutus :  Micrococcus  of  Demme  (No.  27). 

BrighVs  disease:  Streptococcus  of  Manneberg  (No.  28);  Bacillus 
of  Letzerich  (No.  109). 
46 
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Endocarditis:  Staphylococcus  pyogenes  aureus  (No.  1);  Micro- 
coccus pneiunonisB  crouposoe  (No.  8);  Micrococcus  endocarditidis 
rugatus  (No.  29);  Bacillus  endocarditidis  griseus  (No.  104);  Bacillus 
endocarditidis  capsulatus  (No.  105). 

Syphilis :  Bacillus  of  Lustgarten  (No.  56);  Bacillus  of  Eve  and 
Lingard  ;  Micrococcus  of  Disse  and  Taguchi. 

Rhinoscleroma :  Bacillus  of  rhinoscleroma(?)  (No.  58). 

Erythema  nodosum:  Bacillus  of  Demme  (No.  107). 

Green  diarrhoea  of  infants  :  Bacillus  of  Lesage  (No.  106). 

Noma  :  Bacillus  nomae  (?)  (No.  110). 

Ozcence :  Bacillus  foetidus  ozaenaB  (No.  111). 

Bronchitis  :  Bacillus  of  Lumnitzer  (No.  112). 

Sycosis :  Bacillus  of  Tommasoli  (No.  113). 

Whooping  cough :  Bacillus  of  Afanassiew  (No.  119). 

Influenza :  Micrococcus  of  Kirchner  (No.  38);  Micrococcus  No. 
II.  of  Fischel  (No.  39). 

Measles :  Bacillus  of  Canon. 

Senile  gangrene:  Bacillus  of  Tricomi  (No.  128). 

Cystitis  :  Bacillus  septicus  vesicse  (No.  132). 

Egyptian  ophthalmia :  Bacillus  of  Kartulis  (No.  138). 

Trachoma  :  Micrococcus  of  trachoma  (?)  (No.  17). 

Purpura  hcemorrhagica :  Bacillus  of  Babes  (No.  146);  Bacillu;^ 
of  Kolb  (No.  147);  Bacillus  of  Tizzoni  and  Giovannini  (No.  145). 

Cholera  infantum :  Proteus  vulgaris  (No.  97). 

Cholera  nostras  :  Spirillum  of  Finkler  and  Prior  (No.  156). 

Peritonitis :  Bacillus  coli  communis  (No.  89);  StaphylococciL^ 
pyogenes  aureus  (No.  1);  Streptococcus  pyogenes  (No.  5). 

Pleuritis  :  Micrococcus  pneumoniae  crouposae  (No.  8). 

C.    BACTERIA  PROVED  TO  BE  THE  CAUSE  OF  INFECTIOUS  DISEASES 
IN  THE  LOWER  ANIMALS. 

Anthrax :  Bacillus  anthracis  (No.  45). 

Tuberculosis  :  Bacillus  tuberculosis  (No.  53). 

Glanders:  Bacillus  mallei  (No.  55). 

Septiccemia  in  cattle — '^Rinderseuche'*  :  BaciUus  septicaemi^e 
haBmorrhagipsB  (No.  61). 

Swine  plague — "  Schweineseuche,"  Loffler  and  Schiitz  :  Bacil- 
lus septicsBmiae  hsemorrhagiciB  (No.  61). 

Symptomatic  anthrax — "black  leg"  in  cattle;  Bacillus  of 
symptomatic  anthrax  (No.  352). 

Farcy  in  cattle  :  Bacillus  of  Nocard  (No.  60). 

Septicaemia  in  deer— "Wildseuche"  :  Bacillus  septicaemiaDhsBm- 
orrhagicsB  (No.  61). 
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Hog  cholera :  Bacillus  of  hog  cholera  (No.  63). 

Swine  plaguSy  Marseilles  :  Bacillus  of  swine  plague  (No.  65). 

Septicce^nia  in  ferrets:  BaciUus  of  swine  plague,  Marseilles 
(No.  65). 

"  Myko-desinoids  "  of  the  horse  :  Micrococcus  botryogenus  (No. 
19). 

Septiccemia  in  geese  :  Spirillum  ansermn  (No.  154). 

Bovine  mastitis :  Micrococcus  of  bovine  mastitis  (No.  21);  Strep- 
tococcus of  mastitis  in  cows  (No.  31). 

Mastitis  in  sheep :  Micrococcus  of  gangrenous  mastitis  in  sheep 
(No.  30). 

Pneumonia  in  horses:  Diplococcus  of  pneumonia  in  horses 
(No.  32). 

Contagious  coryza  in  horses — '^  Druse  der  Pferde"  :  Strepto- 
coccus coryzae  contagiosoB  equorum  (No.  33). 

Hog  erysipelas — ''^rouget,"  ^'rothlauf":  Bacillus  erysipelatos 
suis  (No.  67). 

Septiccemia  in  parrots — "  gray  parrot  disease  "  :  Streptococcus 
pemiciosus  psittacorum  (No.  43). 

Diphtheria  in  pigeons :  BaciUus  diphtherisB  columbrarum 
(No.  49). 

Fowl  cholera :,  Bacillus  septicaemiaB  hsBmorrhagicae  (No.  61);  Ba- 
cillus gallinarum  (No.  77). 

Cholera  in  ducks :  Bacillus  of  Comil  and  Toupet  (No.  62). 

Grouse  disease :  Bacillus  of  grouse  disease  (No.  76). 

Septiccemia  in  fowls :  Spirillum  Metschnikovi  (No.  158). 

Septiccemia  in  frogs,  etc. :  Bacillus  hydrophilus  fuscus  (No. 
81). 

Infectious  diseases  of  bees :  Bacillus  alvei  (No.  140) ;  Bacillus 
of  Canestrini  (No.  295). 

Infectious  diseases  of  silktvorms:  Streptococ«us  bombycis 
(No.  24) ;  Nosema  bombycis  (No.  25). 

D.   BACTERIA  FROM  VARIOUS  SOURCES  FOUND  BY  EXPERIMENT  TO 
BE  MORE  OR  LESS  PATHOGENIC  FOR  LOWER  ANIMALS. 

From  the  pus  of  abscesses  and  open  tvounds :    . . 
Staphylococcus  pyogenes  aureus  (No.  1). 
Staphylococcus  pyogenes  albus  (No.  2). 
Streptococcus  pyogenes  (No.  5). 
Staphylococcus  pyosepticus  (No.  42). 
Bacillus  of  Belfanti  and  Pascarola  (No.  64). 
Bacillus  pyogenes  foetidus  (No.  72). 
Bacillus  pyocyanus  (No.  95). 
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Micrococcus  of  Heydenreich  (No.  26). 
Proteus  of  Blarliiisky  (No.  98). 


From  infected  animals  : 

Micrococcus  of  bovine  pneumonia  (No.  22). 
Hsematococcus  bovis  (No.  34). 
Pseudo-diplococcus  pneumonifie  (No.  36). 
Bacillus  of  Ribbert  (No.  61). 
Bacillus  enteritidis  (No.  76). 
Bacillus  capsulatus  (No.  80). 
Bacillus  of  Schou  (No.  114). 
Pneumobacillus  liquefaciens  bovis  (No.  120). 

From  the  buccal,  nasal,  or  bronchial  secretions  of  man : 

Bacillus  of  Friedlander  (No.  7). 
Micrococcus  pneiunoniaB  crouposae  (No.  8). 
Staphylococcus  salivarius  pyogenes  (No.  10). 
Micrococcus  salivarius  septicus  (Nq.  15). 
Micrococcus  tetragenus  (No.  18). 
Micrococcus  of  Manfredi  (No.  20). 
Micrococcus  gingivae  pyogenes  (No.  35). 
Micrococcus  No.  II.  of  Fischel  (No.  39). 
Bacillus  of  rhinoscleroma  (No.  58). 
Bacillus  crassus  sputigenus  (No.  71). 
Bacillus  smaragdinus  foetidus  (No.  78). 
Bacillus  tenuis  sputigenus  (No.  82). 
Bacillus  of  Lumnitzer  (No.  112). 
Bacillus  of  Afanassiew  (No.  119). 
Bacillus  gingivae  pyogenes  (No.  122). 
Bacillus  dentalis  viridans  (No.  123). 
Bacillus  pulpae  pyogenes  (No.  124). 

From  f(eces : 

Bacillus  coprogenus  parvus  (No.  68). 
Bacillus  cavicida  (69). 
Bacillus  coli  communis  (No.  89). 
Bacillus  lactis  aerogenes  (No.  90). 
Bacillus  leporis  lethaUs  (No.  94). 
Bacillus  of  Lesage  (No.  106). 
Bacillus  coprogenes  fcetidus  (No.  116). 
Bacillus  of  Gessner  (No.  133). 
Spirillum  of  Finkler  and  Prior  (No.  166). 
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From  urine : 

Streptococcus  of  Mannebei^  (No.  28). 
Bacillus  of  Letzerich  (No.  109). 
Bacillus  septicus  vesic»  (No.  132). 

From  cadavers  and  from  putrefying  material  : 

Diplococcus  intercellularis  meningitidis  (No.  9). 

Streptococcus  septicus  liquefaciens  (No.  37). 

Bacillus  of  KoubasoflF  (No.  69). 

Bacillus  cavicida  Havaniensis  (No.  70). 

Proteus  hominis  capsulatus  (No.  73). 

BaciUus  erysipelatos  suis  (mouse  septicaemia)  (No.  67). 

Bacillus  septicsBnusBhsBmorrfaagicae  (rabbit  septicaemia)  (No. 
61). 

Proteus  capsulatus  septicus  (No.  74). 

Bacillus  pneumosepticus  (No.  79). 
BaciUus  acidiformans  (No.  92). 
Bacillus  cuniculicida  Havaniensis  (93). 
Bacillus  pseudo-tuberculosis  (No.  121). 
Bacillus  septicus  keratomalaciae  (No.  125). 
Bacillus  septicus  acmninatus  (No.  126). 
Bacillus  septicus  ulceris  gangraenosi  (No.  127). 
Bacillus  albus  cadaveris  (No.  129). 
Bacillus  meningitidis  purulentae  (No.  131). 
Bacillus  chromo-aromaticus  (No.  134). 
Bacillus  cadaveris  (No.  151). 
Proteus  vulgaris  (No.  97). 
Proteus  mirabilis  (No.  99). 
Proteus  Zenkeri  (No.  1Q0). 
Proteus  septicus  (No.  101). 
Proteus  lethalis  (No.  102). 

From  the  soil  : 

Streptococcus  septicus  (No.  23). 
Bacillus  septicus  agrigenus  (No.  66). 
BaciUus  ojdematis  aerobicus  (No.  108). 
Bacillus  oedematis  malig^  (No.  150). 
BaciUus  tetani  (No.  149). 
BaciUus  muscoides  (No.  401). 

From  various  sources  : 

Bacillus  oxj^ocus  pemiciosus  (No.  117) — ^from  milk. 
BaciUus  saprogenes  II.  (No.  118) — from  sweating  feet 
Bacillus  canalis  capsulatus  (No.  135) — from  sewers. 
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Bacillus  canalis  parvus  (So.  136) — from  sewers. 
Bacillus  indigogenus  (No.  137) — ^from  leaves  of  the  indigo 

plant. 
Bacillus  of  Utpadel  (No.  139)— from  dust 
Bacillus  of  Okada  (No.  144) — from  dust 
Spirillum  tyrogenum  (No.  167)— from  cheese. 
Micrococcus  endocarditidis  rugatus  (No.  29) — cardiac  valves. 
Bacillus  endocarditidis  griseus  (No.  104) — cardiac  valves. 
Bacillus  endocarditidis  capsulatus  (No.  105) — cardiac  valves. 
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BACTERIA  IN  THE  AIR. 

The  saprophytic  bacteria  are  f  ouii4  wherever  the  organic  material 
which  serves  as  their  pabulum  is  exposed  to  the  air  under  conditions 
favorable  to  their  growth.  The  essential  conditions  are  presence  of 
moisture  and  a  suitable  temperature.  The  organic  material  may  be 
in  solution  in  water  or  in  the  form  of  moist  masses  of  animal  or 
vegetable  origin,  and  the  temperature  may  vary  within  considerable 
limits — 0°  to  70°  C.  But  the  species  which  takes  the  precedence  will 
depend  largely  upon  special  conditions.  Thus  certain  species  multi- 
ply abundantly  in  water  which  contains  comparatively  little  organic 
pabulum,  and  others  require  a  culture  medium  rich  in  albuminous 
material  or  in  carbohydrates ;  some  grow  at  a  comparatively  low  or 
high  temperature,  while  others  thrive  only  at  a  temperature  of  20°  to 
40°  C.  or  have  a  still  more  limited  range ;  some  require  an  abun- 
dant supply  of  oxygen,  and  others  will  not  grow  in  the  presence  of 
this  gas.  Our  statement  that  saprophytic  bacteria  are  found  wherever 
the  organic  material  which  serves  as  their  pabulum  is  exposed  to  the 
air — ^under  suitable  conditions — relates  to  the  fact  that  it  is  through 
the  air  that  these  bacteria  are  distributed  and  brought  in  contact 
Avith  exposed  material.  It  is  a  matter  of  conmion  laboratory  experi- 
ence that  sterilized  organic  liquids  quickly  undergo  putrefactive  de- 
composition when  freely  exposed  to  the  air,  and  may  be  preserved  in- 
definitely when  protected  from  the  germs  suspended  in  the  air  by 
means  of  a  cotton  air  filter.  But  the  organic  pabulum  required  for 
the  nourishment  of  these  bacteria  is  not  found  in  the  air  in  any  con- 
siderable amount,  and  if  they  ever  multiply  in  the  atmosphere  it 
must  be  under  very  exceptional  conditions.  Their  presence  is  due  to 
the  fact  that  they  are  wafted  from  surfaces  where  they  exist  in  a 
desiccated  condition,  and,  owing  to  their  levity,  are  carried  by  the 
wind  to  distant  localities.  But,  under  the  law  of  gravitation,  when 
not  exposed  to.  the  action  of  currents  of  air  they  constantly  fall 
again  upon  exposed  surfaces,  which,  if  moist,  retain  them,  or  from 
which,  if  dry,  they  are  again  wafted  by  the  next  current  of  air. 
Under  these  circumstances  it  is  easy  to  understand  why,  as  deter- 
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mined  by  investigation,  more  bacteria  are  found  near  the  surface  of 
tho  earth  than  at  some  distance  above  the  surface,  more  over  the 
land  than  over  the  ocean,  more  in  cities  with  their  dust-covered 
streets  than  in  the  country  with  its  grass-covered  fields. 

Careful  experiments  have  shown  that  bacteria  do  rot  find  their 
way  into  the  atmosphere  from  the  surface  of  liquids,  unless  portions 
of  the  liquid  containing  them  are  projected  into  the  air  by  some 
mechanical  means,  such  as  the  burstii^  of  bubbles  of  gas.  Cultures 
of  pathogenic  bacteria  freely  exposed  to  the  air  in  laboratories  do  not 
endanger  the  health  of  those  who  work  over  them;  but  if  such  a  cul- 
ture is  spilled  upon  the  floor  and  allowed  to  remain  without  disin- 
fection, when  it  is  desiccated  the  bacteria 
contained  in  it  will  form  part  of  the  dust  of 
the  room  and  might  be  dangerous  to  its 
occupants.  Bacteria  do  not  escape  into  the 
air  from  the  surface  of  the  fluid  contents  of 
sewers  and  cesspools,  but  changes  of  level 
may  cause  a  deposit  upon  surfaces,  which 
is  rich  in  ba^cteria,  and  when  dried  this  ma- 
terial is  easily  carried  into  the  atmosphere 
by  currents  of  air. 

Tyndairs  experiments  (1869)  show  that 
in  a  closed  receptacle  in  which  the  air  is 
perfectly  still  all  suspended  particles  are  af- 
ter a  time  deposited  on  the  floor  of  the  closed 
air  chamber.  And  common  experience  de- 
monstrates the  fact  that  the  dust  of  the  at- 
mosphere  is  carried  by  the  wind  from  ex- 
posed surfaces  and  again  deposited  when  the 
air  is  at  rest.  This  dust  as  deposited,  for 
example,  in  our  dwellings  contains  innu- 
merable bacteria  in  a  desiccated  condition, 
and  the  smallest  quantity  of  it  introduced 
into  a  sterile  organic  liquid  will  cause  it  to 
undergo  putrefactive  decomposition,  and 
by  bacteriological  methods  it  will  be  found 
to  contain  various  species  of  bacteria.  Sucli 
dust  also  contains  the  spores  of  various 
mould  fungi  which  are  present  in  the  atmo- 
sphere, usually  in  greater  numbers  than  the 
bacteria.  The  mould  fungi  are  air  plants 
which  vegetate  upon  the  surface  of  moist  organic  material  and  fomi 
innumerable  spores,  which  are  easily  wafted  into  the  airy  both  on 
account  of  their  low  specific  g^^avity  and  minute  size,  and  because  they 


Fio.  186.  ~  Penicillum  glau* 
cum;  m,  myoelium,  from  which 
is  given  off  a  branching^  pedicle 
bearing  Bpores.    x  160. 
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are  borne  upon  projecting  pedicles  by  which  they  are  removed  from 
the  moist  material  upon  which  and  in  which  the  mycelium  develops 
(Fig.  186),  and,  being  dry,  are  easily  carried  away  by  currents  of  air. 

Bacteriologists  have  given  much  attention  to  the  study  of  the  mi- 
croorganisms suspended  in  the  atmosphere,  with  especial  reference  to 
hygienic  questions.  The  methods  and  results  of  these  investigations 
will  be  considered  in  the  present  section. 

Pasteur  (1860)  demonstrated  the  presence  of  living  bacteria  in  the 
atmosphere  by  aspirating  a  considerable  quantity  of  air  through  a 
filter  of  gun-cotton  or  of  asbestos  contained  in  a  glass  tube.  By  dis- 
solving the  gun-cotton  in  alcohol  and  ether  he  was  able  to  demon- 
strate the  presence  of  various  microorganisms  by  a  microscopical  ex- 
amination of  the  sediment,  and  by  placing  the  asbestos  filters  in 
sterilized  culture  media  he  proved  that  living  germs  had  been  filtered 
out  of  the  air  passed  through  them. 


FlQ.  187. 

A  method  employed  by  several  of  the  earlier  investigators  con- 
sisted in  the  collection  of  atmospheric  moisture  precipitated  as  dew 
upon  a  surface  cooled  by  a  freezing  mixture.  This  was  found  to  con- 
tain living  bacteria  of  various  forms.  The  examination  of  rain  water, 
which  in  falling  washes  the  suspended  particles  from  the  atmosphere, 
gave  similar  results. 

The  first  systematic  attempts  to  study  the  microorganisms  of  the 
air  were  made  by  Maddox  (1870)  and  by  Cunningham  (1873),  who 
used  an  aeroscope  which  was  a  modification  of  one  previously  de- 
scribed by  Pouchet.  In  the  earUer  researches  of  Miquel  a  similar 
aeroscope  was  used.  This  is  shown  in  Fig.  187.  The  opening  to  the 
cylindrical  tube  A  is  kept  facing  the  wind  by  means  of  a  wind  vane, 
and  when  the  wind  is  blowing  a  current  passes  through  a  small  aper- 
ture in  a  funnel-shaped  partition  which  is  properly  placed  in  the 
cylindrical  tube.     A  glass  slide,  upon  the  lower  surface  of  which  a 
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iiiixture  of  glycerin  and  glucose  has  been  placed,  is  adjusted  near  the 
opening  of  the  funnel,  at  a  distance  of  about  three  millimetres,  so 
that  the  air  escaping  throi^h  the  small  orifice  is  projected  i^^ainst  it. 
By  this  arrangement  a  considerable  number  of  the  microorganisms 
present  in  the  air,  as  well  as  suspended  particles  of  all  kinds,  are  ar- 
rested upon  the  surface  of  the  sUde  and  can  be  examined  under  the 
microscope  or  studied  by  bacteriological  methods.  But  an  aeroscope 
of  this  kind  gives  no  precise  information  as  to  the  number  of  living 
germs  contained  in  a  definite  quantity  of  air.  The  microscopical  ex- 
amination also  fails  to  differentiate  the  bacteria  from  particles  of 
various  kinds  which  resemble  them  in  shape,  and  the  microorgan- 
isms seen  are  for  the  most  part  spores  of  various  fungi  mingled  with 
pollen  grains,  vegetable  fibres,  plant  hairs,  starch  granules,  and 
amorphous  g^^anular  material. 

Another  method,  which  has  been  employed  by  Cohn,  Pasteur, 
Miquel,  and  others,  consists  in  the  aspiration  of  a  definite  quantity  of 
air  through  a  culture  liquid,  which  is  then  placed  in  an  incubating 
oven  for  the  development  of  microorganisms  washed  out  of  the  air 
which  has  been  passed  through  it.  This  method  shows  that  bacteria 
of  different  species  are  present,  but  gives  no  information  as  to  their 
relative  number,  and  requires  further  researches  by  the  plate  method 
to  determine  the  characters  of  the  several  species  in  pure  cultures. 

A  far  simpler  method  consists  in  the  exposure  of  a  solid  culture 
medium,  which  has  been  carefully  sterilized  and  allowed  to  cool  on  a 
glass  plate  or  in  a  Petri's  dish,  for  a  short  time  in  the  air  to  be  ex- 
amined. Bacteria  and  mould  fungi  deposited  from  the  air  adhere  to 
the  surface  of  the  moist  culture  medium,  and  form  colonies  when  the 
plate,  enclosed  in  a  covered  glass  dish,  is  placed  in  the  incubating  ov^n. 
The  number  of  these  colonies  which  develop  after  exposure  in  the 
air  for  a  given  time  enables  us  to  estimate  in  a  rough  way  the  num- 
ber of  microorganisms  present  in  the  air  of  the  locahty  where  the 
exposure  was  made  ;  and  the  variety  of  species  is  determined  by  ex- 
amining the  separate  colonie8,each  of  which  is,  as  a  rule,  developed 
from  a  single  germ.  By  exposing  a  number  of  plates  at  different 
tunes  this  method  enables  us  to  determine  what  species  are  most 
abundant  in  a  given  locality  and  the  comparative  number  in  dif- 
ferent localities,  as  determined  by  counting  the  colonies  after  ex- 
posure for  a  definite  time — e.  gr. ,  ten  minutes.  Of  course  we  will  only 
obtain  evidence  of  the  presence  of  such  aerobic  bacteria  as  will 
grow  in  our  culture  medium.  The  anaerobic  bacteria  may  be  studied 
by  placing  plates  exposed  in  a  similar  way  in  an  atmosphere  of  hydro- 
gen. Bacteria  which  grow  slowly  and  only  under  special  conditions, 
like  the  tubercle  bacillus,  would  be  Ukely  to  escape  observation,  as 
the  mould  fungi  and  common  saprophytes  would  take  complete  pos- 
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session  of  the  surface  of  the  culture  medium  before  the  others  had 
formed  visible  colonies.  Students  will  do  well  to  employ  this  simple 
and  satisfactory  method  for  the  purpose  of  making  themsel  vei^  familiar 
with  the  more  common  atmospheric  organisms,  and  they  will  find 
the  shallow  glass  dishes  with  a  cover,  known  as  Petri's  dishes,  very 
convenient  for  the  purpose.  These  dishes  should  be  sterilized  in  the 
hot-air  oven  and  sufficient  sterile  nutrient  gelatin  or  agar  poured 
into  them  to  cover  the  bottom.  After  the  culture  medium  has  be- 
come solid  by  cooling,  the  exposure  may  be  made  by  simply  remov- 
ing the  cover  and  replacing  it  at  the  end  of  the  time  fixed  upon. 


Fio.  188. 

To  determine  in  a  more  exact  way  the  nmnber  of  microorganisms 
contained  in  a  given  quantity  of  air  will  require  other  methods.  But 
we  may  say,  en  passant,  that  such  a  determination  is  usually  not  of 
great  scientific  importance.  The  number  is  subject  to  constant  fluc- 
tuations in  the  same  locality,  depending  upon  the  force  and  direction 
of  the  wind.  If  we  have  on  one  side  of  our  laboratory  a  dusty 
street  and  on  the  other  a  green  field,  more  bacteria  will  naturally  be 
found  when  the  wind  blows  from  the  direction  of  the  street  than 
when  it  comes  from  the  opposite  direction  ;  or,  if  the  air  is  filled  with 
dust  from  recently  sweeping  the  room,  we  may  expect  to  find  very 
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many  more  than  when  the  room  has  been  undisturbed  for  some  time. 
The  painstaking  researches  which  have  already  been  made  have  es- 
tablished in  a  general  way  the  most  important  facts  relating  to  the 
distribution  of  atmospheric  bacteria,  but  have  failed  to  show  any  de- 
finite relation  between  the  number  of  atmospheric  bacteria  and  the 
prevalence  of  epidemic  diseases.  In  the  apparatus  of  Hesse,  Fig. 
188,  a  glass  tube,  having  a  diameter  of  four  to  five  centimetres  and  a 
length  of  half  a  metre  to  a  metre,  is  employed.  In  use  this  is  sup- 
ported upon  a  tripod,  as  shown  in  the  figure,  and  air  is  drawn 
through  it  by  a  water  aspirator  consisting  of  two  flasks,  also  shown. 
The  upper  flask  being  filled  with  water,  this  flows  into  the  lower 
flask  by  siphon  action,  and  upon  reversing  the  position  of  the  flask& 
number  one  is  again  filled.  By  repeating  this  operation  as  many 
times  as  desired  a  quantity  of  air  corresponding  with  the  amount  of 
water  passed  from  the  upper  to  the  lower  flask  is  slowly  aspirated 
through  the  horizontal  glass  tube.  The  microorganisms  present  aiv 
deposited  upon  nutrient  gelatin  previously  allowed  to  cool  upon  the 
lower  portion  of  the  large  glass  tube.  The  air  enters  through  a  small 
opening  in  a  piece  of  sheet  rubber  which  is  tied  over  the  extremity 
of  the  horizontal  tube,  and  before  the  aspiration  is  commenced  this 
opening  is  covered  by  another  piece  of  sheet  rubber  tied  over  the 
first.  Experience  shows  that  when  the  air  is  slowly  aspirated  most 
of  the  germs  contained  in  it  are  deposited  near  the  end  of  the  tube 
through  which  it  enters.  The  colonies  which  develop  upon  the  nu- 
trient gelatin  show  the  number  and  character  of  living  microorgan- 
isms contained  in  the  measured  quantity  of  air  aspirated  through  the 
apparatus.  The  method  with  a  soluble  filter  of  pulverized  sugar,  to 
be  described  hereafter,  is  preferable  when  exact  results  are  desired: 
and  for  the  purpose  of  determining  the  relative  abundance  and  the 
variety  of  microorganisms  present  in  the  atmosphere  of  a  given  lo- 
cality the  exposure  of  nutrient  gelatin  in  Petri's  dishes  is  far  simpler, 
and,  as  a  rule,  will  furnish  all  the  information  that  is  of  real 
value. 

In  his  extended  researches  made  at  the  laboratory  of  Montsouri, 
in  Paris,  Miquel  has  used  various  forms  of  apparatus  and  has  ob- 
tained interesting  results ;  but  his  method  of  ensemencenients  frac- 
tionnes  requires  a  great  expenditure  of  time  and  patience,  and  the 
more  recent  method  with  soluble  filters  is  to  be  preferred- 

In  his  latest  modification  of  the  method  referred  to  Miquel  used  a 
flask  like  that  shown  in  Fig.  189.  From  twenty  to  forty  cubic  cen- 
timetres of  distilled  water  are  introduced  into  this  flask.  The  cap  A 
contains  a  cotton  air  filter  and  is  fitted  to  the  neck  of  the  flask  by  a 
groimd  joint.  This  is  removed  during  the  experiment.  The  tube  C 
is  connected  with  an  aspirator.     It  contains  two  cotton  or  asbestos 
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filters,  c  and  6.  The  cap  being  removed  and  the  aspirator  attached, 
the  air  is  drawn  through  the  water,  by  which  suspended  germs  are 
arrested  ;  or  if  not  they  are  caught  by  the  inner  cotton  plug  6.  The 
sealed  point  of  the  tube  B  is  now  broken  oflF,  and  the  contents  of  the 
flask  equally  divided  in  thirty  to  forty  tubes  containing  bouillon, 
which  are  placed  in  the  incubating  oven. 
Twenty-five  cubic  centimetres  of  bouillon 
are  also  introduced  into  the  flask,  and  the 
cotton  plug  b  is  pushed  into  it  so  that  any 
bacteria  arrested  by  it  may  develop.  If 
one-fourth  or  one-fifth  of  the  bouillon  tubes 
show  a  development  of  bacteria  it  is  in- 
ferred that  each  culture  originated  from 
a  single  germ,  and  the  number  present  in 
the  amount  of  air  drawn  through  the  flask 
is  estimated  from  the  number  of  tubes  in 
which  development  occurs. 

The  method  adopted  by  Straus  and  Wiirtz  is  more  convenient  and 
more  reliable  in  its  results.  This  consists  in  passing  the  air  by  means 
of  an  aspirator  through  liquefled  nutrient  gelatin  or  agar.  The  ap- 
paratus shown  in  Fig.  190  is  used  for  this  purpose.  Two  cotton 
plugs  are  placed  in  the  tube  B,  to  which  the  aspirator  is  attached, 
and  after  the  determined  quantity  of  air  has  been  passed  through  the 
liquefied  medium  the  inner  plug  is  pushed  down  with  a  sterilized 
platinum  needle  so  as  to  wash  out  in  the  culture 
medium  any  germs  arrested  by  it.  Finally  the 
gelatin  or  agar  is  solidified  upon  the  walls  of 
the  tube  A  by  rotating  it  upon  a  block  of  ice  or 
under  a  stream  of  cold  water.  It  is  now  put 
aside  for  the  development  of  colonies,  which  are 
coimted  to  determine  the  number  of  germs  pre- 
sent in  the  quantity  of  air  passed  through  the 
liquefied  culture  medium.  The  main  difficulty 
with  this  apparatus  is  found  in  the  fact  that  the 
nutrient  gelatin  foams  when  air  is  bubbled 
through  it ;  for  this  reason  an  agar  medium  is 
to  be  preferred.  In  using  this  it  will  be  neces- 
sary to  place  the  liquefied  agar  in  a  bath  main- 
tained at  40°  C.  Foaming  of  the  gelatin  is  pre- 
vented by  adding  a  drop  of  olive  oil  before  ster- 
ilization in  the  steam  sterilizer.  But  this  inter- 
feres  with  the  transparency  of  the  medium. 
In  the  earlier  experiments  upon  atmospheric  oi^anisms  Pasteur 
used  a  filter  of  asbestos,  which  was  subsequently  washed  out  in  a 
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culture  liquid.  A  filter  of  this  kind  washed  out  in  liquefied  gelatin 
or  nutrient  agar  would  give  more  satisfactory  results,  as  the  culture 
medium  could  be  poured  upon  plates  or  spread  upon  the  walls  of  a 
test  tube  and  the  colonies  counted  in  the  usual  way.  Petri  prefers 
to  use  a  filter  of  sand,  which  he  finds  by  experiment  arrests  tiie  mi- 
croorganisms suspended  in  the  atmosphere,  and  which  is  subsequently 
distributed  through  the  culture  medium.  The  sand  used  is  such  as 
has  been  passed  through  a  wire  sieve  having 
f  openings  of  0.5  millimetre  in  diameter.     This  is 

sterilized  by  heat,  and  is  supported  in  a  cylin- 
drical glass  tube  by  small  wire-net  baskets.  The 
complete  arrangement  is  shown  in  Fig.  191. 
Two  sand  filters,  c,  and  c„  are  used,  the  lower 
one  of  which  serves  as  a  control  to  prove  that 
all  microorganisms  present  in  the  air  have  been 
arrested  by  the  upper  one.  The  upper  filter  is 
protected,  until  the  aspirator  attached  to  the 
tube  h  is  put  in  operation,  by  a  sterile  cotton 
plug,  not  shown  in  the  figure  which  represents 
the  filter  in  use.  Petri  uses  a  hand  air  pump  as 
an  aspirator,  and  passes  one  hundred  litres  of 
air  through  the  sand  in  from  ten  to  twenty 
minutes.  The  sand  from  the  two  filters  is  then 
distributed  in  shallow  glass  dishes  and  liquefied 
gelatin  is  poured  over  it ;  this  is  allowed  to  sol- 
idify and  is  put  aside  for  the  development  of 
colonies.  The  principal  objection  to  this  method 
is  the  presence  of  the  opaque  particles  of  sand 
in  the  culture  medium.  This  objection  has  been 
overcome  by  the  use  of  soluble  filters,  a  method 
first  employed  by  Pasteur  and 'since  perfected 
by  Sedgwick  and  by  MiqueL  The  most  useful 
material  for  the  purpose  appears  to  be  cane 
sugar,  which  can  be  sterilized  in  the  hot-air  oven 
at  150°  C.  without  undergoing  any  change  in 
its  physical  characters.  Loaf  sugar  is  pulver- 
ized in  a  mortar  and  passed  through  two  sieves 
in  order  to  remove  the  coarser  grains  and  the 
very  fine  powder,  leaving  for  use  a  powder  having  grains  of  about 
one-half  millimetre  in  diameter.  This  powdered  sugar  is  placed 
in  a  glass  tube  provided  with  a  cap  having  a  ground  joint  and  a  cot- 
ton plug  to  serve  as  an  air  filter  (A,  Fig.  192),  or  in  a  tube  such  as  is 
shown  at  B,  having  the  end  drawn  out  and  hermetically  sealed.  Two 
cotton  plujfs  are  placed  at  the  lower  portion  of  the  tube,  at  a  and  at  h. 
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Glass  tubing  having  a  diameter  of  about  five  millimetres  is  used  in 
making  these  tubes,  and  from  one  to  two  grammes  of  powdered  sugar 
is  a  suitable  quantity  to  use  as  a  filter.  The  whole  apparatus  is  steril- 
ized for  an  hour  at  150°  C.  in  a  hot-air  oven  after  the  pulverized 
sugar  has  been  introduced.  Before  using  it  will  be  necessary  to 
pack  the  sugar  against  the  supporting  plug  a  by  gently  striking  the 
lower  end  of  the  tube,  held  in  a  vertical  position,  upon  some  horizon- 
tal surface;  and  during  aspiration 
the  tube  must  remain  in  a  vertical 
position,  or  nearly  so,  in  order  that  |g  3 

the  sugar  may  properly  fill  its  entire 
calibre.  The  aspirator  is  attached  to 
the  lower  end  of  the  tube  by  a  piece 
of  rubber  tubing.  When  the  tube  B 
is  used  the  sealed  extremity  is  broken 
off  at  the  moment  that  the  aspirator 
is  set  in  action,  and  it  is  again  sealed 
in  a  flame  after  the  desired  amount 
of  air  has  been  passed  through  the 
filter.  The  next  step  consists  in  dis- 
solving the  sugar  in  distilled  water 
or  in  liquefied  gelatin.  To  insure 
the  removal  of  all  the  sugar  the  cot- 
ton plug  a  may  be  pushed  out  with  a 
sterilized  glass  rod,  after  removing  6 
with  forceps.  From  fifty  to  five  hun- 
dred cubic  centimetres  of  distilled 
water,  contained  in  an  Erlenmeyer 
flask  and  carefully  sterilized,  may  be 
used,  the  amount  required  depending 
upon  circumstances  relating  to  the 
c<jnditions  of  the  experiment.  By 
adding  five  or  ten  cubic  centimetres 
of  this  water,  containing  the  sugar  ^^  ^^ 

and  microorganisms  arrested  by  it, 
to  nutrient  gelatin  or  agar  liquefied  by  heat,  and  then  making  Es- 
inarch  roll  tubes,  the  number  of  germs  in  the  entire  quantity  is  easily 
estimated  by  counting  the  colonies  which  develop  in  the  roll  tubes. 

Sedgwick  and  Tucker,  in  a  communication  made  to  the  Boston 
Society  of  Arts,  January  12th,  18S8,  were  the  first  to  propose  the  use 
(►f  a  soluble  filter  of  granulated  sugar  for  collecting  atmospheric 
^erms.  Their  complete  apparatus  consists  of  an  exhausted  receiver, 
from  which  a  given  quantity  of  air  is  withdrawn  by  means  of  an  air 
piunp.  A  vacuum  gauge  is  attached  to  the  receiver,  which  is  coupled 
47 
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with  the  glass  tube  containing  the  granulated-sugar  filter  by  a  piece 
of  rubber  tubing.  Instead  of  transferring  the  soluble  filter  to  gela- 
tin in  test  tubeSy  they  use  a  large  glass  cylinder  having  a  slender 
stem,  in  which  the  sugar  is  placed  (Fig.  193).  After  the  aspiration 
Uquefied  gelatin  is  introduced  into  the  large  glass  cylinder,  which  i:^ 
held  in  a  horizontal  position ;  the  sterilized  cotton  plug  is  then  re- 
placed in  the  mouth  of  the  cylinder,  the  sugar  is  pushed  into  the 
liquefied  gelatin  and  dissolved,  and  by  rotating  the  cylinder  upon  a 
block  of  ice  the  gelatin  is  spread  upon  its  walls  as  in  an  Esmarch  roll 
tube.  For  convenience  in  counting  the  colonies  lines  are  drawn  upon 
the  surface  of  the  cylinder,  dividing  it  into  squares  of  uniform  di- 
mensions. 


GENERAL  RESULTS  OF  RESEARCHES  MADE. 

As  already  stated,  the  presence  of  bacteria  in  the  atmosphere  de- 
pends upon  their  being  wafted  by  currents  of  air  from  surfaces  where 
they  are  present  in  a  desiccated  condition.  That  they  are  not  carried 
away  from  moist  surfaces  is  shown  by  the  fact  that  expired  air  from 
the  human  lungs  does  not  contain  microorganisms,  although  the  in- 
spired air  may  have  contained  considerable  numbers,  and  there  are 
always  a  vast  number  present  in  the  salivary  secretions.  The  moist 
mucous  membrane  of  the  respiratory  passages  constitutes  a  germ 
trap  which  is  much  more  efficient  than  the  glass  slide  smeared  with 
glycerin  used  in  some  of  the  aeroscopes  heretofore  described,  for  it 
is  a  far  more  extended  surface.  As  a  matter  of  fact,  most  of  the  sus- 
pended particles  in  inspired  air  are  deposited  before  the  current  of 
air  passes  through  the  larynx. 

Air  which  passes  over  large  bodies  of  water  is  also  purified  of  its 
germs  and  other  suspended  particles.  The  researches  of  Fischer 
show  that  at  a  considerable  distance  from  the  land  no  germs  are 
found  in  the  atmosphere  over  the  ocean,  and  that  it  is  only  upon  ap- 
proaching land  that  their  presence  is  manifested  by  the  development 
of  colonies  upon  properly  exposed  gelatin  plates. 

Uffelmann  found,  in  his  researches,  that  in  the  open  fields  the 
number  of  living  germs  in  a  cubic  metre  of  air  averaged  two  himdred 
and  fifty,  on  the  sea  coast  the  average  was  one  hundred,  in  the  court- 
yard of  the  University  of  Rostock  four  hundred  and  fifty.  The  num- 
ber was  materially  reduced  after  a  rainfall  and  increased  when  a 
dry  land  wind  prevailed. 

Frankland  found  that  fewer  germs  were  present  in  the  air  in 
winter  than  in  summer,  and  that  when  the  earth  was  covered  with 
snow  the  number  was  g^atly  reduced,  as  also  during  a  light  fall  of 
snow  ;  the  air  of  towns  was  found  to  be  more  rich  in  germs  than  the 
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air  of  the  country ;  the  lower  strata  of  the  atmosphere  contained 
more  than  the  air  of  elevated  localities. 

Von  Freudenreich  also  found  that  the  air  of  the  country  contamed 
fewer  germs  than  that  of  the  city.  Thus  in  the  city  of  Berne  a  cubic 
metre  of  air  often  contained  as  many  as  two  thousand  four  hundred 
g^rms,  while  the  maximum  in  country  air  was  three  hundred.  His  re- 
sults corresponded  with  those  of  Miquel  in  showing  that  the  number 
of  atmospheric  organisms  is  greater  in  the  morning  and  the  evening, 
between  the  hours  of  6  and  8,  than  during  the  rest  of  the  day.  Neu- 
mann, whose  researches  were  made  in  the  Moabite  Hospital,  found 
the  greatest  number  of  bacteria  in  the  air  in  the  morning  after  the 
patients  able  to  sit  up  had  left  their  beds  and  the  wards  had  been 
swept.  The  number  of  germs  was  then  from  eighty  to  one  hundred 
and  forty  in  ten  litres  of  air,  while  in  the  evening  the  number  fell  to 
four  to  ten  germs  in  ten  litres. 

Miquel  has  given  the  following  summary  of  results  obtained  in 
his  extended  experiments,  made  in  Paris  during  the  years  1881, 1882, 
and  1883  : 


Number  of  Oerms  ia  a  Cubic  Metre  of  Air, 


Average  for  1880. 
'•  1881. 
"   1882. 


Rue  de  Rivoli,  average  for  one  year,  750  ;  summit  of  Pantheon,  28  ; 
Hotel-Dieu,  1880,  average  for  four  months,  male  ward  6,300,  female 
ward  5,120  ;  La  Piete  Hospital,  average  of  fifteen  months,  11,100. 

It  must  be  remembered  that  the  figures  given  relate  both  to  bac- 
teria and  to  the  spores  of  mould  fungi,  and  that  the  latter  are  com- 
monly the  most  nimierous  when  the  experiment  is  made  in  the  open 
air.  Petri  has  shown  that  when  gelatin  plates  are  exposed  in  the  air 
the  relative  number  of  spores  of  mould  fungi  deposited  upon  them  is 
less  than  is  obtained  in  aspiration  experiments. 

The  number  of  colonies  which  develop  on  exposed  plates  does  not 
represent  the  full  number  of  bacteria  deposited,  for  these  colonies 
very  frequently  have  their  origin  in  a  dust  particle  to  which  several 
bacteria  are  attached,  or  in  a  little  mass  of  organic  material  contain- 
ing a  considerable  number. 

It  is  generally  conceded  tliat  sea  air  and  country  air  are  more 
wholesome  than  the  air  of  cities,  and  especially  of  crowded  apart- 
ments, in  which  the  number  of  bacteria  has  been  shown  to  be  very 
much  greater.  But  it  would  be  a  mistake  to  ascribe  the  sanitary 
value  of  sea,  country,  and  mountain  air  to  the  relatively  small  num- 
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ber  of  bacteria  present  in  such  air.  There  are  other  important  fac- 
tors to  be  considered,  and  we  have  no  satisfactory  evidence  that  the 
number  of  saprophytic  bacteria  present  in  the  air  has  an  important 
bearing  upon  the  health  of  those  who  respire  it.  We  do  know  that 
the  confined  air  of  crowded  apartments,  and  especially  of  factories 
in  which  a  large  quantity  of  dust  is  suspended  in  the  air,  predisposes 
those  breathing  such  air  to  pulmonary  diseases  and  lowers  the  gen- 
eral standard  of  health.  But  it  has  not  been  proved  that  this  is  due 
to  the  presence  of  bacteria.  Infectious  diseases  may,  under  certain 
circumstances,  be  communicated  by  way  of  the  respiratory  passages 
as  a  result  of  breathing  air  containing  in  suspension  pathogenic  bac- 
teria ;  but  there  is  reason  to  believe  that  this  occurs  less  frequently 
than  is  generally  supposed. 

Kriiger  has  shown  that  the  dust  of  a  hospital  ward  in  which  pa- 
tients with  pulmonary  consumption  expectorated  occasionally  upon 
the  floor  contained  tubercle  bacilli.  This  was  proved  by  wiping  up 
the  dust  on  a  sterilized  sponge,  washing  this  out  in  bouillon,  and  in- 
jecting this  into  the  cavity  of  the  abdomen  of  guinea-pigs.  Two 
animals  out  of  sixteen  injected  became  tuberculous.  In  pulmonic 
anthrax,  which  occasionally  occurs  in  persons  engaged  in  sorting 
wool — **  wool-sorters'  disease" — ^infection  occurs  as  a  result  of  the 
respiration  of  air  containing  the  spores  of  the  anthrax  bacillus. 

Among  the  non-pathogenic  saprophytes  f oimd  in  the  air  certain 
aerobic  micrococci  appear  to  be  the  most  abundant,  and,  as  a  rule, 
bacilli  are  not  found  in  great  numbers  or  variety.  In  some  localities 
various  species  of  sarcinae  are  especially  abundant.  The  following 
is  a  partial  Ust  of  the  species  which  have  been  shown  by  the  researches 
of  various  bacteriologists  to  be  occasionally  present  in  the  air.  But 
as  heretofore  remarked,  their  presence  is  to  be  regarded  as  acci- 
dental, and  so  far  as  we  know  there  is  no  bacterial  flora  properly  be- 
longing to  the  atmosphere : 

Micrococcus  ureae  (Pasteur),  Diplococcus  roseus  (Bumm),  Diplococcus 
citreus  conglomeratus  (Bumm),  Micrococcus  radiatus  (Flugge),  Microcoecus 
llavus  desidens  (Flugge),  Micrococcus  flavus  liquefaciens  (Fliigge),  Micro- 
coccus tetragenus  versatilis  (Sternberg),  Micrococcus  pyogenes  aureus  (Rosen- 
bach),  Micrococcus  pyogenes  citreus  (Passet),  Micrococcus  cinnabarens 
(Flugge),  Micrococcus  flavus  tardigradus  (Flugge),  Micrococcus  versicolor 
(Fliigge),  Micrococcus  viticulosus  (Katz),  Micrococcus  candidans  (Fliigge), 
Pediococcus  cerevisiae  (Balcke),  Sarcina  lutea  (SchrOter),  Sarcina  rosea 
(Schroter),  Sarcina  aurantiaca,  Sarcina  alba,  Sarcina  Candida  (Reinke), 
Bacillus  tumescens  (Zopf),  Bacillus  subtilis  (Ehrenberg),  Bacillus  multipedi- 
culosus  (Fliigge),  Bacillus  mesentericus  fuscus  (Fliigge),  Bacillus  mesenteri- 
cus  ruber  (Globig),  Bacillus  inflatus  (A.  Koch),  Bacillus  mesentericus  vul- 
gatus,  Bacillus  prodigiosus,  Bacillus  aerophilus  (Liborius),  Bacillus  pestifer 
(Frankland),  Spirillum  aureum  (Weib(pl),  Spirillum  flavescens  (Weibel),  Spi- 
rillum flavum  (Weibel),  Bacillus  Havaniensis  (Sternberg). 

In  the  recent  researches  of  Welz,  made  m  the  vicinity  of  Freibure. 
twenty-three  different  micrococci  and  twenty-two  bacilli  were  obtained 
from  the  air. 
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The  water  of  the  ocean,  of  lakes,  ponds,  and  running  streams 
necessarily  contains  bacteria,  as  they  are  constantly  being  carried 
into  it  by  currents  of  air  passing  over  the  neighboring  land  surfaces, 
and  by  rain  water  which  washes  suspended  microorganisms  from 
the  atmosphere ;  and,  as  such  water  contains  more  or  less  organic 
material  in  solution,  many  of  the  saprophytic  bacteria  multiply  in  it 
abundantly.  It  is  only  in  the  water  of  springs  and  wells  which 
comes  from  the  deeper  strata  of  the  soil  that  they  are  absent.  The 
nimiber  and  variety  of  species  present  in  water  from  any  given 
source  will  depend  upon  conditions  relating  to  the  amount  of  organic 
pabulum,  the  temperature,  the  depth  of  the  water,  the  fact  of  its 
being  in  motion  or  at  rest,  its  pollution  from  various  sources,  etc. 
The  comparatively  pure  water  of  lakes  and  running  streams  contains 
a  considerable  nimiber  of  bacteria  which  find  their  normal  habitat 
in  such  waters  and  which  multiply  abundantly  in  them,  notwith- 
standing the  small  quantity  of  organic  matter  and  salts  which  they 
contain.  The  water  of  stagnant,  shallow  pools,  and  of  sluggish 
streams  into  which  sewage  is  discharged,  contains  a  far  greater 
number  and  a  greater  variety  of  species. 

The  study  of  these  bacteria  in  water  has  received  much  attention 
on  account  of  the  sanitary  questions  involved,  relating  to  the  use  of 
water  from  various  sources  for  drinking  purposes.  In  the  present 
section  we  shall  first  give  an  account  of  the  methods  of  bacteriologi- 
cal water  analysis,  and  then  a  condensed  statement  of  results  ob- 
tained in  the  very  numerous  investigations  which  have  been  made. 

A  very  important  point  to  be  kept  in  view  is  the  fact  that  a  great 
increase  in  the  number  of  bacteria  present,  in  samples  of  water  col- 
lected for  investigation,  is  likely  to  occur  if  these  samples  are  kept 
for  some  time.  A  water  which,  for  example,  contains  only  two 
hundred  to  three  hundred  bacteria  per  cubic  centimetre  when  the  ex- 
amination is  made  at  once,  may  contain  several  thousand  at  the  end 
of  twenty-four  hours,  and  at  the  end  of  the  second  or  third  day 
twenty  thousand  or  more  may  be  present  in  the  same  quantity. 
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Later,  on  account  of  the  exhaustion  of  organic  pabulum,  the  num- 
ber is  again  reduced  as  the  bacteria  present  gradually  lose  their 
vitality.  Under  these  circumstances  it  is  evident  that  an  estimate  of 
the  number  of  bacteria  present  in  water  from  a  given  source  can 
have  no  value,  unless  a  sample  is  -tested  by  bacteriological  methods 
within  a  short  time  after  it  has  been  collected.  Not  more  than  an 
hour  or  two  should  be  allowed  to  elapse,  especially  in  warm  weather. 
By  placing  the  water  upon  ice  the  time  may  be  extended  somewhat, 
but  Wolffhiigel  has  shown  that  the  number  of  germs  is  gradually 
diminished  when  water  is  preserved  in  this  way,  and  it  will  be  saf^t 
to  make  an  immediate  examination  when  this  is  practicable. 

The  collection  may  be  made  in  a  steriUzed  Erlenmeyer  flask  pro- 
vided with  a  cotton  air  filter,  or  in  a  bottle  having  a  ground-glass 
stopper  which  has  been  wrapped  in  tissue  paper  and  sterili2sed  for  an 
hour  or  more  at  150°  C.  in  the  hot-air  oven.  Or  the  small  flasks  with 
a  long  neck  may  be  used,  as  first  recommended  by  Pasteur,  These 
are  prepared  as  follows  :  The  bulb  is  first  gently  heated,  and  the  ex- 
tremity of  the  tube  dipped  into  distilled  water,  which  mounts  into 
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the  bulb  as  it  cools ;  the  water  is  then  made  to  boil,  and  when  all 
but  a  drop  or  two  has  escaped  and  the  bulb  is  filled  with  steam  the 
extremity  of  the  tube  is  hermetically  sealed.  When  the  steam  has 
condensed  by  the  cooUng  of  the  bulb  a  partial  vacuum  is  formed, 
and  the  tube  is  ready  for  use  at  any  time.  It  is  filled  with  water  by 
breaking  off  the  sealed  extremity  under  the  surface  of  the  water  of 
which  a  sample  is  desired.  This  is  done  with  sterilized  forceps,  and 
care  must  be  taken  that  the  exterior  of  the  tube  is  properly  sterilized 
before  the  collection  is  made.  The  end  is  immediately  sealed  in  the 
flame  of  a  lamp.  A  difficulty  with  these  vacuum  tubes  is  that  they 
are  so  completely  filled  with  water  that  this  cannot  be  readily  drawn 
from  them  again  in  small  quantities.  The  writer  therefore  prefers 
to  make  the  collection  in  a  tube  shaped  as  shown  in  Fig.  194,  in  which 
a  partial  vacuum  is  formed  just  before  the  collection  by  heating  the 
air  in  the  bulb.  The  water  mounts  into  the  tube  as  the  air  in  the 
bulb  cools,  and  is  readily  forced  out  again  for  making  cultures  by 
applying  gentle  heat  to  the  bulb.  As  a  lamp  is  needed  to  seal  the  end 
of  the  tube  in  either  case,  there  is  no  special  advantage  in  having  a 
vacuum  formed  in  advance,  and,  as  stated,  the  vacuum  tubes  are  so 
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nearly  filled  with  water  that  it  is  not  so  simple  a  matter  to  obtain  the 
contents  for  our  culture  experiments  without  undue  exposure  to  at- 
mospheric germs.  In  practice  small  glass  bottles  with  ground-glass 
stoppers  will  be  found  most  convenient,  and,  when  properly  steril- 
ized, are  unobjectionable.  They  should  be  filled  at  a  little  distance 
below  the  surface,  as  there  is  often  a  deposit  of  dust  upon  the  surface 
of  standing  water,  and  sometimes  a 
delicate  film  made  up  of  aerobic  bac- 
teria. When  water  is  to  be  obtained 
from  a  pump  or  a  hydrant  it  should 
be  allowed  to  flow  for  some  time  before 
the  collection  is  made.  To  collect 
water  at  various  depths  the  apparatus 
shown  in  Fig.  195  is  recommended  by 
Lepsius.  An  iron  frame  supports  an 
inverted  flask,  A,  filled  with  sterilized 
mercury  and  containing  about  three 
hundred  cubic  centimetres.  The  flask 
B  is  intended  to  receive  the  mercury 
when,  at  the  desired  depth,  it  is  al- 
lowed to  flow  through  the  capillary 
tube  6.  This  is  sealed  at  the  extremity 
and  bent  as  shown  in  the  figure.  By 
pulling  upon  the  cord  c  this  tube  is 
broken,  and  as  the  mercury  flows  from 
the  flask  this  is  filled  with  water 
through  the  tube  a.  The  extremity 
of  the  broken  tube  6  is  closed  by  the 
mercury  in  the  flask  B  when  A  is  full 
of  water,  and  the  apparatus  can  be 
brought  to  the  surface  with  only  such 
water  as  was  collected  at  the  depth 
from  which  a  sample  was  desired. 

The  bacteriological  analysis  is 
made  by  adding  a  definite  quantity 
of  the  water  under  investigation  to 
liquefied  gelatin  or  agar-gelatin,  and 
making  a  plate  or  Esmarch  roll  tube,  which  is  put  aside  for  the  devel- 
opment of  colonies.  Miquel  and  others  have  preferred  to  use  liquid 
cultures  and  the  method  of  fractional  cultivation  described  in  the 
previous  section.  The  use  of  a  solid  culture  medium  has,  however, 
such  obvious  advantages  that  we  do  not  consider  it  necessary  to  do 
more  than  refer  to  the  other  method  as  one  which,  when  applied 
with  skill  and  patience,  may  give  sufficiently  accurate  results. 


FIO.  106. 
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The  amount  of  water  which  should  be  added  to  the  usual  quan- 
tity of  liquefied  flesh-peptone-gelatin  in  a  test  tube,  in  order  that  the 
colonies  which  develop  may  be  well  separated  from  each  other  and 
easily  counted,  can  only  be  determined  by  experiment.  If  the  water 
is  from  an  impure  source  a  single  drop  may  be  too  much,  and  it  will 
be  necessary  to  dilute  it  with  distilled  water  recently  sterilized.  But 
for  ordinary  potable  water  it  will  usually  be  best,  in  a  first  experi- 
ment, to  make  two  trials,  one  with  one  cubic  centimetre  and  one 
with  one-half  cubic  centimetre  added  to  the  liquefied  nutrient  gelatin. 
The  water  in  the  collecting  bottle  should  be  shaken,  to  distribute  the 
bacteria  which  may  have  settled  to  the  bottom,  before  dravring  oflf  by 
means  of  a  sterilized  pipette  the  amount  used  for  the  experiment,  and 
the  germs  present  in  it  are  to  be  distributed  through  the  liquefied 
gelatin  by  gently  moving  the  tube  to  and  fro. 

Koch's  method  of  preparing  a  gelatin  plate  is  illustrated  in  Fig. 
196.     A  glass  dish,  containing  ice  water  and  covered  with  a  large 


Fig.  196. 

plate  of  glass,  is  supported  upon  a  levelling  tripod.  By  means  of  a 
spirit  level  this  is  adjusted  to  a  horizontal  position,  so  that  when  the 
Uquefied  gelatin  is  poured  upon  the  smaller  sterilized  glass  plate,  seen 
in  the  centre  of  the  large  plate  of  glass,  it  will  not  flow,  but  may  be 
evenly  distributed  over  the  surface  by  means  of  a  sterilized  glass  rod. 
The  glass  cover  resting  against  the  side  of  the  apparatus  is  placed 
over  the  gelatin  plate  while  it  is  cooling,  to  protect  it  from  atmo- 
spheric germs,  and  when  the  gelatin  is  hard  the  plate  is  transferred 
to  a  shallow  glass  dish,  which  is  kept  at  a  temperature  of  about 
20°  C.  for  several  days  for  the  development  of  colonies.  It  is  difficult 
to  count  colonies  when  more  than  five  thousand  develop  upon  a  plate 
of  the  usual  size,  and  for  this  reason  it  will  be  best  to  repeat  the  ex- 
periment with  a  smaller  quantity  of  water  from  the  same  source,  if 
this  is  at  hand,  rather  than  to  attempt  to  count  an  overcrowded 
plate.  Before  pouring  the  gelatin  upon  the  plate  the  lip  of  the  test 
tube  containing  it  should  be  sterilized  by  passing  it  through  a  flame. 
The  liquefied  gelatin  should  ba  carefully  distributed  to  cover  a  rect- 
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ang^ular  surface  and  leaving  a  margin  of  about  one  centimetre  around 
the  edge  of  the  plate.  The  Eoch's  dish  in  which  the  gelatin  plate  is 
placed  for  the  development  of  colonies  should  be  carefully  sterilized 
by  heat  or  by  washing  it  out  with  a  sublimate  solution.  A  circular 
piece  of  filtering  paper,  saturated  with  sublimate  solution  or  distilled 
water,  is  placed  at  the  bottom  of  the  lower  dish  to  keep  the  air  in  a 
moist  condition  and  prevent  drying  of  the  gelatin.  Usually  two  or 
three  plates  made  at  the  same  time  are  placed  one  above  the  other  on 
^lass  supports  made  for  this  purpose.  If  many  liquefying  organisms 
are  present  it  will  be  necessary  to  count  the  colonies  before  these  run 
together — ^usually  on  the  second  day ;  but  in  the  absence  of  Uquef  y- 
ing  colonies  it  is  best  to  wait  imtil  the  third,  or  even  the  fifth  day,  as 
the  number  of  visible  colonies  and  the  ease  of  counting  them  wOl  be 
greater  than  at  an  earlier  date.  The  development  of  a  few  scattered 
liquefying  colonies  which  threaten  to  spoil  the  plate  may  be  arrested 
by  taking  up  the  Uquefied  gelatin  from  each  with  a  bit  of  filtering 
paper,  and  then,  by  means  of  a  camel's-hair  brush,  applying  a  solu- 
tion of  potassium  permanganate  to  the  margpin  of  the  colony.  The 
growth  of  colonies  of  mould  f  ung^,  which  have  developed  from  spores 
from  the  atmosphere  falling  upon  the  plate  while  it  is  exposed,  can 
be  checked  by  the  application  of  collodion  containing  bichloride  of 
mercury. 

Counting  of  the  colonies  is  a  simple  matter  when  they  are  few 
in  number ;  when  they  are  numerous  it  is  customary  to  place  the 
plate  over  a  dark  background,  and  to  place  above  it  a  glass  plate 
divided  into  square  centimetres  by  lines  ruled  with  a  diamond.  By 
means  of  a  lens  of  low  power  the  colonies  in  a  certain  number  of 
squares  are  counted  and  the  average  taken.  This  multiplied  by  the 
number  of  square  centimetres  in  the  gelatin-covered  surface  gives 
approximately  the  entire  number  of  colonies  which  have  developed 
from  the  amount  of  water  used  in  the  experiment. 

Instead  of  using  Eoch's  original  plate  method,  as  above  described, 
the  shallow,  covered  glass  dishes  recommended  by  Petri  may  be 
employed.  These  are  from  one  to  one  and  one-half  centimetres  high 
and  from  ten  to  fifteen  centimetres  in  diameter.  The  liquefied  gel- 
atin is  poured  into  the  lower  dish  and  the  cover  at  once  placed  over 
it  The  gelatin  does  not  dry  out  very  soon,  but,  if  necessary,  several 
of  these  Petri's  dishes  may  be  placed  in  a  larger  jar,  which  serves  as 
a  moist  chamber. 

The  roll  tubes  of  Esmarch  may  also  ba  used,  and  have  the  ad- 
vantage that  accidental  colonies  from  air-borne  germs  are  excluded. 
The  counting  of  colonies  is  not  quite  as  easy,  but  by  the  use  of  a 
mounted  lens  especially  designed  for  the  purpose  it  is  attended  with 
no  great  difficulty.     The  surface  of  the  tube  is  divided  into  squares 
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by  colored  lines,  and  the  number  of  colonies  in  several  squares  is 
counted  in  order  to  obtain  an  average  and  estimate  the  entire 
number. 

Water  which  contains  numerous  liquefying  bacteria  had  better 
be  examined  by  the  use  of  nutrient  agar  instead  of  gelatin;  and  in 
very  warm  weather  it  will  be  necessary  to  use  an  agar  medium,  as 
ten-per-cent  gelatin  is  Ukely  to  melt  if  the  temperature  goes  above 
2^"^  C.  A  difficulty  in  the  use  of  agar  for  plates  consists  in  the  lia- 
bility of  the  film  to  slip  from  the  glass.  This  may  be  remedied  to 
some  extent  by  adding  a  few  drops  of  a  concentrated  solution  of  gum 
acacia  to  the  liquefied  agar  medium.  Petri's  dishes  are  well  adapted 
for  the  use  of  the  agar  medium,  as  the  objection  referred  to  does  not 
apply  to  them.  The  gelatin-agar  medium,  containing  5  per  cent 
of  gelatin  and  0.75  per  cent  of  agar,  may  also  be  used  with  advan- 
tage in  the  bacteriological  analysis  of  water.  Much  stress  was  at 
one  time  laid  upon  the  enumeration  of  liquefying  colonies,  upon 
the  supposition  that  the  Uquefying  bacteria,  were  especially  harmful 
as  compared  with  the  non-liquefying,  and  that  a  water  containing 
many  liquefying  colonies  was  to  be  looked  upon  with  suspicion.  We 
now  know,  however,  that  there  are  many  common  and  harmless 
saprophytes  which  cause  the  liquefaction  of  gelatin,  and  that  some 
of  the  most  dangerous  pathogenic  bacteria  do  not  liquefy  gelatin. 
This  distinction  has  therefore  no  special  value,  and  the  question  for 
bacteriologists  to-day  is  not  how  large  is  the  comparative  number  of 
liquefying  colonies,  but  what  species  are  represented  by  the  colonies 
present,  liquefying  and  non-liquefying,  and  what  are  the  special 
pathogenic  properties  of  each.  The  answer  to  these  questions,  in 
the  case  of  any  particular  water  supply,  calls  for  special  knowledge 
and  great  patience  and  care  in  the  isolation  in  pure  cultures,  and 
careful  study  of  the  various  species  present. 

It  is  now  generally  recogni2sed  that  a  mere  enumeration  of  the 
number  of  colonies  which  develop  from  a  water  under  investigation 
is  not  a  sufficient  indication  upon  which  to  found  an  opinion  as  to  its 
potability.  An  excessive  nimiber  of  bacteria  is  an  indication  that 
the  water  contains  a  large  amount  of  the  organic  material  which 
serves  as  pabulum  for  these  microorganisms.  But  the  chemists  are 
able  to  determine  the  amount  of  organic  matter  present  in  water 
with  greater  precision ;  and,  as  we  have  seen,  the  number  of  bacteria 
may  increase  many-fold  in  water  which  is  kept  standing  in  the  labo- 
ratory for  two  or  three  days  in  a  well-corked  bottle.  As  a  matter  of 
fact,  the  enumeration  of  bacteria  in  water,  although  it  has  given  us 
results  of  scientific  interest,  has  not  materially  added  to  the  methods 
previously  applied  for  estimating  the  sanitary  value  of  water  ob- 
tained from  various  sources  for  drinking  purposes.     But  the  bacte- 
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riological  examination  may  prove  to  be  of  great  value  if  it  succeeds 
iQ  demonstrating  the  presence  of  certain  pathogenic  bacteria  and  in 
thus  preventing  the  use  of  a  dangerous  water.  We  do  not  mean  to 
say,  however,  that  an  enumeration  of  the  bacteria  present  in  drink- 
ing water  has  no  practical  value.  An  excessive  number  indicates  an 
excessive  amount  of  organic  pabulum,  which  may  have  come  from 
a  dangerous  source;  and  the  dangerous  pathogenic  bacteria  are  not 
only  more  Ukely  to  be  present  in  such  water,  but  they  can  more 
readily  multiply  in  it,  while  in  a  pure  water  they  would  fail  to  in- 
crease in  number,  and,  as  has  been  shown  by  experiment,  would  die 
out  within  a  short  time. 

The  number  of  bacteria  present  in  rain  wateVy  or  in  snoto  which 
has  recently  fallen,  varies  greatly  at  different  times.  Naturally  the 
number  is  greater  when  the  surface  of  the  earth  is  dry  and  the  at- 
mosphere loaded  with  dust  by  currents  of  wind  passing  over  it,  and 
less  when  the  surface  is  moist  and  the  atmosphere  has  been  purified 
by  recent  rains. 

In  snow  from  the  surface  of  a  glacier  in  Norway,  Schmelck  found 
two  bacteria  and  two  spores  of  mould  f imgi  per  cubic  centimetre  of 
water  from  the  melted  snow.  Q-anowski,  in  experiments  made  with 
freshly  fallen  snow  collected  in  the  vicinity  of  Kiew,  obtained  the  fol- 
lowing results  :  February  2d,  1888  :  temperature  of  the  air,  7.2"*  C; 
snowfall,  0.1  millimetre;  number  of  bacteria  in  1  cubic  centimetre 
of  water  from  melted  snow,  34  in  one  sample  and  38  in  another. 
February  20th,  1888:  temperature,  11.1°  C.  ;  snowfall,  1.1  milli- 
metres ;  number  of  bacteria  in  one  sample,  203,  in  another  384. 

Miquel  obtained  from  rain  water  collected  at  Montsouri  during  a 
rainy  season  4.3  germs  per  cubic  centimetre ;  in  rain  water  collected 
in  the  centre  of  the  city  of  Paris,  19  per  cubic  centimetre. 

^az7has  also  been  shown  to  contain  bacteria  inconsiderable  num- 
bers. Bujwid  found  in  hailstones  which  fell  at  Warsaw  21,000 
bacteria  in  1  cubic  centimetre ;  but  this  is  exceptional,  and  is  supposed 
to  be  due  to  the  fact  that  surface  water  had  been  carried  into  the  air 
by  the  storm  and  frozen.  Fontin  examined  hail  which  fell  in  St. 
Petersburg,  and  obtained  an  average  of  729  bacteria  per  cubic  centi- 
metre of  water  from  the  melted  hail. 

River  water  has  been  carefully  examined  by  numerous  bacterio- 
logists in  various  localities  and  at  different  seasons  of  the  year.  We 
give  below  some  of  the  results  reported : 

Water  of  the  Seine  at  Choisy,  before  reaching  Paris,  300 ;  at 
Bercy,  1,200 ;  at  Saint-Denis,  after  receiving  the  sewer  water  from 
the  city,  200,000  germs  per  cubic  centimetre  (Miquel). 

Water  of  the  Spree  beyond  Kopenick,  82,000 ;  two  hundred  steps 
below  the  mouth  of  the  Wuhle,  118,000 ;  in  Berlin  above  the  mouth 
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of  the  Panke,  940,000 ;  below  the  mouth  of  the  Panke,  1,800,OJ)0 
(Koch). 

Water  of  the  Main  above  the  city  of  Wurzburg,  in  the  month  of 
February,  520 ;  below  the  city,  15,500  (Rosenberg). 

Water  of  the  Potomac,  at  Washington,  in  1886  :  January,  3,774 : 
February,  2,536 ;  March,  1,210 ;  April,  1,521 ;  May,  1,0G4 ;  June. 
348;  July,  255;  August,  254;  September,  178;  October,  75;  No- 
vember, 116  ;  December,  967  (Theobald  Smith). 

The  Thames,  in  the  autumn  of  1885,  in  the  vicinity  of  London 
Bridge  two  hours  after  high  water,  contained  45,000  germs  per  cubic 
centimetre ;  the  water  of  the  Lea  at  Lea  Bridge,  4,200,000  (Bisch- 
off). 

The  Neva  inside  the  city  of  St.  Petersburg,  in  September,  1883, 
contained  1,500  in  one  sample  and  1,040  in  another  ;  in  November 
(20th),  6,500  (Poehl). 

The  water  of  the  Oder,  collected  within  the  limits  of  the  city  of 
Stettin,  was  found  by  Link  to  contain  from  5,240  to  15,000  bacteria 
per  cubic  centimetre  ;  that  of  the  Linmiat,  at  Zurich,  346  in  one 
specimen  and  508  in  another  (Cramer). 

Lake  water ^  as  a  rule,  contains  fewer  bacteria  than  river  water. 

Wolffhiigel,  in  researches  extending  from  July,  1884,  to  July, 
1885,  obtained  from  the  water  of  the  Tegeler  Lake  an  average  of  396 
bacteria  per  cubic  centimetre.  Cramer  obtained  an  average  of  168 
per  cubic  centimetre  during  the  months  of  October,  December,  and 
January,  1884,  from  the  water  of  Lake  Zurich ;  in  June  of  the  same 
year  the  average  of  42  examinations  gave  71  per  cubic  centimetra 
In  Lake  Geneva,  Fol  and  Dunant  obtained  from  water  collected  some 
distance  from  the  shore  an  average  of  38  bacteria  per  cubic  centi- 
metre. 

Ice  which  is  usually  collected  from  lakes  and  rivers  contains  a 
greater  or  less  number  of  bacteria,  according  to  the  depth  and  purity 
of  the  water.  The  ice  used  in  Berlin,  collected  from  the  surface  of 
lakes  and  rivers  in  the  vicinity  of  the  city,  contains  from  a  few  him- 
dred  to  25,000  bacteria  to  the  cubic  centimetre  (Frankel).  In  the  ex- 
periments of  Heyroth  samples  of  ice  from  the  same  source  gave  less 
than  100  per  cubic  centimetre  in  three,  from  100  to  600  in  eight,  from 
500  to  1,000  in  six,  from  1,000  to  5,000  in  seven,  and  14,400  in  one. 

Prudden  obtained  from  Hudson  River  ice,  put  up  six  miles  below 
the  city  of  Albany,  an  average  of  308  bacteria  per  cubic  centimetre 
from  transparent  ice,  and  in  the  superficial  "snow  ice"  9,187.  Ice 
collected  lower  down  the  river  contained  an  avenige  of  189  in  the 
transparent  and  3,(j93  in  the  snow  ice. 

Ice  from  the  Dora  at  Turin  was  found  by  Bordoni-Uffreduzzi  to 
contain  from  120  to  3,546  bacteria  per  cubic  centimetre. 
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Hydrant  water^  as  supplied  to  cities,  has  received  the  attention 
of  numerous  investigators.  The  water  supply  of  Berlin  was  ex- 
amined by  Plagge  and  Proskauer  at  intervals  of  a  week  from  June, 
1885,  to  April,  1886.  Their  tabulated  results  show  considerable 
variations.  We  give  the  figures  for  a  single  day,  June  30th,  1885  : 
Stralauer  works,  water  of  the  Spree,  unfiltered  4,400,  filtered  53 ; 
Tegeler  works,  water  of  the  lake,  unfiltered  880,  filtered  44 ;  high  re- 
servoir at  Charlottenberg,  71 ;  75  W.  Wilhelmstrasse,  121 ;  Fried- 
richstrasse,  41-42  S.  W.,  160 ;  Schmidstrasse,  165  E.,  51 ;  Priedrioh- 
strasse,  126  N.,  151 ;  Weinmeisterstrasse,  15  C,  63. 

Wells  which  are  suppUed  by  water  from  deep  strata  contain  few 
bacteria,  unless  contaminated  by  surface  water  in  which  they  are 
usually  very  abundant.  Roth  examined  the  water  of  sixteen  surface 
wells  in  Belgard,  which  has  a  very  porous  subsoil,  and  foimd  from 
4,500  to  5,000  bacteria  in  three,  from  7,800  to  15,000  in  six,  from 
18,000  to  35,000  in  six,  and  130,000  per  cubic  centimetre  in  one. 

Forty-seven  wells  in  Stettin,  the  water  of  which  was  examined  by 
Link,  gave  the  following  results  :  Less  than  100  in  six,  100  to  500  in 
twenty-one,  and  in  the  remainder  (sixteen)  from  1,000  to  18,000. 

Sixty-four  wells  in  Mainz  examined  by  Egger,  and  53  in  Gotha 
by  Becker,  gave  more  favorable  results ;  the  number  of  wells  in  the 
former  city,  in  which  less  than  100  colonies  developed  from  1  cubic 
centimetre,  was  34,  and  in  the  latter  the  same  (34).  Bolton  examined 
the  water  of  13  wells  in  GK>ttingen,  and  found  but  1  in  which  the 
number  of  colonies  from  1  cubic  centimetre  was  less  than  100  ;  in  12 
the  number  varied  from  180  to  4,940. 

The  water  of  deep  wells  and  springs  may  be  entirely  free  from 
bacteria,  or  nearly  so.  Egger  found  in  the  water  of  an  artesian  well 
at  Mainz  4  bacteria  per  cubic  centimetre,  and  the  same  number  was 
found  by  Hueppe  in  the  deep  well  at  the  Wiesbaden  slaughter-house. 
The  artesian  well  at  the  gasworks  of  Kiel  was  found  by  Brennig  to 
contain  from  6  to  30  bacteria  per  cubic  centimetre.  In  a  spring  at 
Batiolettes,  Fol  and  Dunant  found  57  bacteria  per  cubic  centimetre. 
Furbringer  obtained  from  springs  at  Jena  156  from  one,  51  from 
another,  32  from  another,  and  109  from  another.  The  water  supplied 
to  Danzig  from  the  Prangenaur  Spring  was  found  in  several  experi- 
ments to  be  free  from  bacteria  (Freimuth). 

Li  a  summary  of  results  obtained  in  various  German  cities  Tie- 
mann  and  Gartner  find  that  sixty-nine  per  cent  of  the  wells  from 
which  samples  of  water  were  examined  contained  less  than  500  bac- 
teria per  cubic  centimetre. 

The  water  of  sewers  is  naturally  rich  in  bacteria.  Miquel  found 
that  at  Chchy  the  sewer  water  contained  6,000,000  bacteria  per  cubic 
centimetre.     Bischoflf  found  in  water  from  London  sewers  7,500,000, 
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and  numerous  observations  show  that  the  number  of  bacteria  in  river 
water  is  greatly  increased  in  the  vicinity  of  and  below  the  mouths 
of  city  sewers. 

We  conclude  from  the  experimental  data  recorded  that  water 
containing  less  than  100  bacteria  to  the  cubic  centimetre  is  presum- 
ably from  a  deep  source  and  uncontaminated  by  surface  drainage, 
and  that  it  will  usually  be  safe  to  recommend  such  water  for  drink- 
ing purposes,  unless  it  contains  injurious  mineral  substances. 
Water  that  contains  more  than  500  bacteria  to  the  cubic  centimetre, 
although  it  may  in  many  cases  be  harmless,  is  to  be  looked  upon 
vdth  some  suspicion,  and  water  containing  1,000  or  more  bacteria  is 
presumably  contaminated  by  sewage  or  surface  drainage  and  should 
be  rejected  or  filtered  before  it  is  used  for  drinking  purposes.  But, 
as  heretofore  stated,  the  danger  does  not  depend  directly  upon  the 
number  of  bacteria  present,  but  upon  contamination  with  pathogenic 
species  which  are  liable  to  be  present  in  surface  water  and  sewage. 
In  swallowing  a  glassful  of  pure  spring  water  a  nimiber  of  bacteria 
from  the  buccal  cavity  are  washed  away  and  carried  into  the  stomach, 
which,  if  enumerated,  would  doubtless  far  exceed  in  numbers  those 
found  in  the  most  impure  river  water. 

The  number  of  bacteria  does  not  depand  alone  upon  the  amount 
of  organic  pabulum  contained  in  a  water,  and  cannot  be  depended 
upon  in  forming  an  estimate  of  this ;  for,  as  has  been  shown  by 
Bolton,  certain  water  bacteria  multiply  abundantly  in  water  con- 
taining comparatively  little  organic  matter,  while  other  species  fail 
to  grow  unless  the  quantity  is  greater.  In  a  water  containing  con- 
siderable nutrient  materii^  the  water  bacteria  may  be  restrained  in 
their  development  by  other  species  present  until  the  amount  of  pabu- 
lum is  reduced  so  that  these  no  longer  thrive,  when  the  common 
water  bacteria  will  take  the  precedence,  and  an  enumeration  may 
show  a  greater  number  of  colonies  than  at  first.  But,  in  general, 
water  rich  in  organic  material  contains  a  greater  number  of  bacteria 
and  a  greater  variety  of  species  than  that  which  is  comparatively 
pure. 

That  certain  bacteria  may  multiply  in  water  which  has  been 
carefully  sterilized  has  been  shown  by  Bolton  and  others.  Two  com- 
mon water  bacteria — Micrococcus  aquatilis  and  Bacillus  erythrospo- 
rus — multipUed  abundantly  in  doubly  distilled  water,  and  when 
this  water  was  again  sterilized  and  re-inoculated  with  one  of  these 
species  the  same  abundant  increase  occurred.  This  was  repeated  six 
times  with  the  same  result  (Bolton).  Computing  the  number  of 
these  water  bacteria  in  ten  cubic  centimetres  of  distilled  water  at 
twenty  millions,  and  estimating  t^ieir  specific  gpravity  at  one,  and  the 
diameter  of  the  individual  cells  at  one  /< ,  the  total  weight  of  the  entire 
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number,  according  to  Bolton,  would  be  less  than  one-hundredth 
of  a  milligramme,  and  at  least  three-fourths  of  this  must  consist  of 
water.  The  organic  material  represented  by  this  number  of  bacteria 
would  therefore  be  so  minute  that  it  might  be  supplied  by  dust  par- 
ticles accidentally  falling  into  the  distilled  water. 

Rosenberg  has  shown  that  while  many  of  the  species  which  he 
obtained  in  pure  cultures  from  the  water  of  the  river  Main  multiplied 
in  sterilized  distilled  water,  other  species  quickly  died  out  in  such 
water.  The  growth  of  certain  bacteria  depends  not  only  upon  the 
quantity  of  nutritive  material  present,  but  upon  its  quality,  the  con- 
ditions in  this  regard  being  widely  different  for  different  species. 

In  view  of  the  facts  heretofore  stated  bacteriologists  are  now  giv- 
ing more  attention  to  a  careful  study  of  the  kinds  of  bacteria  pre- 
sent in  their  examinations  of  water.  Rosenberg,  in  his  examinations 
of  the  water  of  the  Main  in  the  vicinity  of  Wiirzburg  (1886),  found 
that  before  the  river  reached  the  city  the  water  contained  more 
micrococci  than  bacilli,  but  that  after  receiving  the  sewage  of  the 
city  the  number  of  bacilli  was  greatly  in  excess. 

Adametz  (1888)  has  described  eighty-seven  species  obtained  by 
him  from  water  in  the  vicinity  of  Vienna ;  Maschek  found  fifty-five 
different  species  in  the  drinking  water  used  at  Leitmeritz;  and  Tils 
(1890)  has  described  fifty-nine  species  obtained  by  him  from  the  city 
water  supply  at  Freiburg. 

Among  the  pathogenic  bacteria  which  are  liable  to  find  their 
way  into  water  used  for  drinking  purposes,  the  most  important,  from 
a  sanitary  point  of  view,  are  the  bacillus  of  typhoid  fever  and  the 
spirillum  of  Asiatic  cholera.  Both  of  these  microorganisms  are  pre- 
sent in  great  numbers  in  the  excreta  of  persons  suffering  from  the 
specific  forms  of  disease  to  which  they  give  rise,  and  are  consequently 
liable  to  contaminate  wells  and  streams  which  receive  surface  water, 
when  such  excreta  are  thrown  upon  the  surface  or  into  sewers,  etc. 
Epidemics  of  these  diseases  have  frequently  been  traced  to  the  use 
of  such  contaminated  water,  and  in  a  few  instances  the  presence  of 
these  specific  disease  germs  in  water  has  been  demonstrated  by  bac- 
teriological methods.  Laboratory  experiments  indicate,  however, 
that  an  increase  of  these  pathogenic  bacteria  in  drinking  water  is  not 
likely  to  occur,  except  under  special  conditions,  and  that  they  die 
out  after  a  time,  being  at  a  disadvantage  in  the  struggle  for  exist- 
ence constantly  going  on  among  the  numerous  species  which  have 
their  normal  habitat  in  water. 

Bolton,  Frankland,  and  others  have  shown  that  the  anthrax  ba- 
cillus, not  containing  spores,  dies  out  in  hydrant  water  within  five  or 
SIX  days.  In  the  experiments  of  Kraus  the  anthrax  bacillus  added 
to  well  water,  not  sterilized,  at  a  temperature  of  10.5°  C,  was  still 
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present  in  a  living  condition  on  the  second  day,  but  no  colonies  de- 
veloped after  the  third  day ;  the  typhoid  bacillus  died  out  between 
the  fifth  and  seventh  days ;  the  cholera  spirillum  was  no  longer  found 
on  the  second  day.  In  the  meantime  the  common  water  bacteria 
had  increased  in  numbers  enormously.  Similar  results  have  been 
reported  by  Hochstetter  and  others.  Hueppe,  in  ten  experiments  in 
which  the  typhoid  bacillus  was  added  to  well  water  of  a  bad  quality, 
found  that  in  two  no  development  of  this  bacillus  occurred  after  the 
fifth  day,  while  a  few  colonies  developed  in  the  other  experiments  as 
late  as  the  tenth  day.  In  these  experiments  the  temperature  was 
comparatively  low  (10.5°  0.)-  At  a  higher  temperature  the  experi- 
ments of  WolflEhiigel  and  Riedel  show  that  an  increase  may  take 
place.  At  the  room  temperature  (about  20"*  C.)  the  typhoid  bacillus 
added  to  distilled  water,  to  well  water,  and  to  Berlin  hydrant  water 
was  still  present,  in  some  instances,  at  the  end  of  thirty-two  days. 
And  it  was  found  that  in  some  cases  a  decrease  in  the  number 
occurred,  then  a  notable  increase,  and  finally  a  second  diminutioiL 

Koch  found  the  cholera  spirillum  in  a  water  tank  at  Calcutta 
during  a  period  of  fourteen  days,  and  in  his  experiments  showed  that 
it  preserved  its  vitaUty  in  well  water  for  thirty  days,  in  Berlin  sewer 
water  for  six  to  seven  days,  and  in  the  same  mixed  with  faBoes  for 
twenty-seven  hours  only.  In  the  experiments  of  Nicati  and  Rietsch 
the  cholera  spirillum  preserved  its  vitality  in  distilled  water  for 
twenty  days,  in  sewer  water  (of  Marseilles)  thirty-eight  days,  in 
water  of  the  harbor  for  eighty-one  days.  The  numerous  experiments 
recorded  by  the  observers  named,  and  by  Bolton,  Hueppe,  Hoch- 
stetter, Maschek,  Eraus,  and  others,  show  that  while  the  cholera 
spirillum  may  sometimes  quickly  die  out  in  distilled  water,  in  other 
experiments  it  preserves  its  vitality  for  several  weeks  (Maschek),  and 
that  it  lives  still  longer  in  water  of  bad  quality,  such  as  is  found  in 
sewers,  harbors,  etc.  Bolton  found  that  for  its  multiplication  a 
water  should  contain  at  least  40  parts  in  100,000  of  organic  material, 
while  the  typhoid  bacillus  grew  when  the  proportion  was  consideraWy 
less  than  tliis — 6.7  parts  in  100,000. 

Russell  has  recently  (1891)  studied  the  bacterial  flora  of  the 
Gulf  of  Naples,  and  of  the  mud  at  the  bottom  of  this  gulf,  col- 
lected at  various  depths  up  to  eleven  hundred  metres.  His  inves- 
tigations show  that  sea  water  does  not  contain  as  many  bacteria  as 
an  equal  volume  of  fresh  water ;  that  bacteria  are  foimd  in  about 
equal  numbers  in  water  from  the  surface  and  in  that  from  various 
depths  ;  that  the  mud  at  the  bottom  constantly  contains  large  num- 
bers of  bacteria ;  that  some  of  the  species  isolated  grow  best  in  a 
culture  medium  containing  sea  water. 

At  a  depth  of  50  metres  the  water  contained  121  bacteria  per  cubic 
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centimetre,  and  the  mud  from  the  bottom  245,000  ;  at  100  metres  the 
water  contained  10  and  the  mud  200,000  per  cubic  centimetre ;  at 
r)()0  metres  the  water  contained  22  and  the  mud  12,500  per  cubic 
centimetre ;  at  1,100  metres  the  mud  contained  24,000. 

The  following  new  species  were  obtained  by  Russell  from  the 
source  mentioned:  Bacillus  thalassophilus,  Cladothrix  intricata, 
Bacillus  granulosus,  Bacillus  limosus.  Spirillum  marinum,  Bacillus 
litoralis,  Bacillus  halophilus. 

The  bacterial  flora  of  fresh  and  sea  water  is  very  extensive,  as 
will  be  seen  by  the  following  Kst  of  species  which  have  been  described 
by  various  bacteriologists  who  have  given  their  attention  to  its 
study  : 

NON-PATHOGENIC   MICROCOCCI, 

Micrococcus  aurantiacus  (Cohn),  Micrococcus  luteus  (Cohn),  Micrococcus 
violaceus  (CJohn),  Micrcxjoccus  flavus  li^uefaciens  (Fliiffffe),  Micrococcus  fla- 
vus  desidens  (Flugge),  Micrococcus  radiatus  (Fl%ge),  Micrococcus  cinnaba- 


reus  (Fliigge),  Micrococcus  flavus  tardigradus  (Flugge),  Micrococcus  versi- 
color (Fliigge),  Micrococcus  agilis  (Ali-Coaen),  Micrococcus  fuscus  (Maschek), 
Diplococcus  luteus  (Adametz),  Pediococcus  albus  (Lindner),  Micrococcus 
cerasinus  siccus  (List),  Micrococcus  citreus  (List),  Micrococcus  aquatilis 
(Bolton),  Micrococcus  fervidosus  (Adametz),  Micrococcus  plumosus  (Brauti- 
pm).  Micrococcus  viticulosus(Katz).  Micrococcus  cremoides(ZimmermauD), 
Micrococcus  carneus  (Zimmermann),  Micrococcus  concentricus  (Zimmer- 
mann),  Micrococcus  rosettaceus  (Zimmermann),  Micrococcus urese  (Pasteur), 
Weisser  Streptococcus  (Maschek),  Wurmformiger  Streptococcus  (Maschek), 
Micrococcus  aerogenes  (Miller),  Sarcina  alba,  Sarcina  Candida  (Reinke), 
Sarcina  lutea. 

PATHOGENIC   MICROCOCCI. 

Staph  vlococcus  pyogenes  aureus  (Roseiihach),  Micrococcus  of  Hey  den - 
reich — **  Micrococcus  Biskra." 

NON-PATHOGENIC  BACILLI. 

Bacillus  arborescens  (Frankland),  Bacillus  viscosus  (Frankland),  Bacil- 
lus aquatilis  (Frankland),  Bacillus  liquidus  (Frankland),  Bacillus  nubilis 
(Frankland),  Bacillus  vermicularis  (Frankland),  Bacillus  aurantiacus 
I  Frankland),  Bacillus  coeruleus  (Smith),  Bacillus  ^laucus  (Maschek),  Bacil- 
lus albus  putidus  (Maschek),  Bacillus  fluorescens  liquefaciens.  Bacillus  fluo- 
rescens  nivalis  (Schmolck),  Bacillus  lividus  (Plagcfe  and  Proskauer),  Bacil- 
lus rubidus  (Eisenberg).  &M;illus  sulfureum  (Holschewnikoff),  Bacillus 
violaceus,  Bacillus  gasoiormans^  (Eisenberg),  Bacillus  hquefaciens  (Eisen- 
berg), Bacillus  pbosphorescens  indicus  (Fischer),  Bacillus  phosphorescens 
indigenus  (Fischer),  Bacillus  phosphorescens  gelidus  (Katz),  Bacillus  sma- 
ragdino-phosphorescens  (Xatz),  Bacillus  argenteo-phospborescens  Nos.  I., 
U.,  and  III.  (Katz),  Bacillus  cyaneo-phosphorescens  (Katz),  Bacillus  ar- 
^nteo-phosphoreacens  Hquefaciens  (Katz),  Bacillus  ramosus,  Bacillus  sub- 
tilis  (Enrenberg),  Proteus  sulfureus  (Linden born),  Bacillus  aureus  (Ada- 
raetz),  Bacillus  brunneus  (Adametz),  Bacillus  flavocoriaceus  (Adametz), 
Bacillus  fluorescens  non-liquefaciens,  Bacillus  latericeus  (Adametz),  Bacillus 
stolonatus  (Adametz),  Bacillus  berolinensis  indicus  (Classen),  Bacillus  ery- 
throsporus  (Eidam),  Bacillus  luteus  (List),  Bacillus  aquatilis  sulcatus  Nos. 
1,  2,  3,  4,  and  5  (Weichselbaum),  Bacillus  albus  (Eisenberg),  Bacillus  multi- 
pediculo8us(Fliigge),  Bacillus  Ziimianum  (List),  Bacillus  fulvus  (Zimmer- 
mann),  Bacillus   helvolus    (Zimmermann),   Bacillus  ochraceus  (Zimmer- 
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mann),BacilliiBplicatus,  Bacillus  devorans  (Zimmermann),  Bacillus  gracilis 
(Zimmermann),  Bacillus  guttatus  (Zimmennann),  Bacillus  implezus  (Zim- 
mermann),  Bacillus  punctatus  (Zimmermann),  Bacillus  radiatus  aquatilis 
(Zimmermann),  Bacillus  vermiculosus  (Zimmermann),  Bacillus  constrictus 
(Zimmermann),  Bacillus  fluorescens  aureus  (Zimmermann),  Bacillus  fluo- 
rescens  long^  (Zimmermann),  Bacillus  fluorescens  tenuis  (Zimmermann). 
Bacillus  fuscus  (Zimmermann),  Bacillus  rubefaciens  (Zimmermann),  Bacil- 
lus subflavus  (Zimmermann),  Bacillus  janthinus  (Zopf),  Bacillus  xnvcoides 
(Fliigge),  Bacillus  tremelloides  (Tils),  Bacillus  cuticularis  (Tils),  Bacillus 
filiformis  (Tils),  Bacillus  ubiquitus  (Jordan),  Bacillus  circulans  (Jordan), 
Bacillus  superficialis  (Jordan),  Bacillus  reticularis  (Jordan),  Bacillus  ru- 
bescens  (Jordan),  Bacillus  byalinus  (Jordan),  Bacillus  cloacae  (Jordan), 
Bacillus  delicatulus  (Jordan),  Bacillus  violaceus  laurentius  (Jordan). 

PATHOGENIC  BACILLI. 

Bacillus  typhi  abdominalis  (Eberth,  Gaffky),  Bacillus  erysipelatos  suis 
(**  Bacillus  murisepticus,"  Koch),  Bacillus  septicaemiae  haemorrhagicae 
('^*  Bacillus  cuniculicida,"  Koch),  Proteus  Yul|2:aris  (Uauser),  Proteus  mira- 
bills  (Hauser),  Bacillus  canalis  capsulatus  (Mori),  Bacillus  canal  is  parvus 
(Mori),  Spirillum  choleras  Asiaticae  ('^  Comma  bacillus,"  Koch),  Bacillus  coli 
communis  (Escherich),  Bacillus  hydrophilus  fuscus  (Sanarelli),  Bacillus 
venenosus  (Vaughan),  Bacillus  venenosus  brevis  (Vaug-han),  Bacillus  vene- 
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III. 

BACTERIA    IN  THE  SOIL. 

Surface  soil,  and  especially  that  which  is  rich  in  organic  matter, 
contains  very  numerous  bacteria  of  many  different  species.  Some  of 
these  are  of  special  interest  on  account  of  their  pathogenic  power. 
Thus  the  bacillus  of  maUgnant  oedema  and  the  bacillus  of  tetanus 
have  been  shown  to  be  widely  distributed  species,  which  have  been 
obtained  by  investigators  in  various  parts  of  the  world  by  inoculating 
susceptible  animals — guinea-pigs  or  mice — with  a  little  rich  surface 
soil.  Other  species  are  interesting  because  of  their  action  in.  nitrifi- 
cation and  in  the  destructive  decomposition  of  organic  material  by 
which  it  is  fitted  for  assimilation  by  the  higher  plants.  Many  of  the 
bacteria  present  in  the  soil  are  strictly  anaerobic,  and  in  attempts  to 
estimate  the  number  and  kind  of  microorganisms  present  in  a  given 
.sample  this  fact  must  be  kept  in  view. 

The  simplest  method  of  studying  the  bacteria  in  the  soil  consists 
in  introducing  a  small  quantity  into  liquefied  gelatin  in  test  tubes, 
and,  after  carefully  crushing  it  with  a  sterilized  glass  rod  £md  thor- 
oughly mixing  it  with  the  gelatin,  making  roll  tubes  in  the  usual 
way.  Some  of  these  should  be  put  up  for  anaerobic  cultures — i.e., 
the  tube  should  be  filled  with  an  atmosphere  of  hydrogen  according 
to  FrdnkeFs  method.  If  the  object  in  view  is  to  estimate  the  num- 
ber of  bacteria  in  a  given  sample  of  soil  the  difficulty  is  encountered 
that,  however  finely  crushed,  the  little  masses  of  earth  are  likely  to 
contain  numerous  bacteria,  and  we  cannot  safely  assume  that  each 
colony  originates  from  a  single  germ.  Thoroughly  washing  a  small 
quantity  of  soil,  by  agitation,  in  a  considerable  quantity  of  distilled 
water,  and  then  ctdding  a  definite  quantity  of  the  water  to  nutrient 
gelatin  and  making  roll  tubes  or  plates,  as  in  water  analysis,  sug- 
gests itself  as  a  simple  method  ;  but  Frankel  has  shown  that  it  is  far 
from  being  reliable  when  the  object  is  to  estimate  the  number  of 
bacteria.  He  obtained  more  uniform  and  accurate  results  by  intro- 
ducing the  earth  at  once  into  hquefied  gelatin  and  crushing  it  as 
thoroughly  as  possible  with  a  strong  platinum  wire,  after  which  as 
thorough  a  mixture  as  possible  was  effected  by  tilting  the  tube  up 
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and  down.  But  for  the  purpose  of  obtaining  pure  cultures  from  sin> 
gle  colonies  of  the  various  species  present,  we  should  prefer  to  wash 
the  earth  in  distilled  water  and  to  allow  the  sediment  to  settle  before 
taking  a  portion  of  the  water  to  add  to  the  nutrient  medium. 

In  some  experiments  made  in  1881  Eoch  ascertained  that  in  soil 
which  had  not  been  disturbed  but  few  bacteria  were  to  be  found  at 
the  depth  of  a  metre;  and  this  fact  has  since  been  established  hj  the 
extended  researches  of  Frankel,  who  devised  a  special  boring  instru- 
ment for  obtaining  samples  of  earth  from  different  depths.  Miquel, 
in  1879,  estimated  the  number  of  bacteria  in  one  gramme  of  earth 
collected  in  the  park  of  Montsouri,  Paris,  at  a  depth  of  twenty  centi- 
metres, at  700,000;  and  in  a  cultivated  field  which  had  been  treated 
with  manure,  at  900,000.  The  following  results  were  obtained  by 
Adametz  :  One  gramme  of  earth  from  a  sandy  soil  contained  at  the 
surface  380,000,  at  a  depth  of  twenty  to  twenty-five  centimetres 
400,000;  the  same  .quantity  of  clayey  soil  contained  at  the  surface 
500,000,  at  a  depth  of  twenty  to  twenty-five  centimetres  460,000. 

In  experiments  made  by  Beumer  (1886)  and  by  Maggiora  (1887) 
considerably  greater  numbers  were  found,  but  the  last-named  ob- 
server, in  some  instances  at  least,  kept  the  earth  for  some  time  after 
collecting  it,  which  may  have  materially  influenced  the  result. 
Beumer  obtained  from  a  specimen  of  sandy  humus  taken  from  a 
depth  of  three  metres  45,000,000  to  the  gramme ;  at  four  metres, 
10,000,000;  at  five  metres,  8,000,000;  at  six  metres,  5,000,000. 
These  specimens  were  obtained  from  the  vicinity  of  hospitals  at 
Greifswald.  In  a  churchyard,  at  a  depth  of  four  metres,  the  num- 
ber in  one  experiment  was  1,152,000,  and  in  another  1,278,000. 

Frankel  has  given  special  attention  to  the  examination  of  undis- 
turbed soil  not  in  the  immediate  vicinity  of  dwellings.  In  samples 
from  a  fruit  orchard  near  Potsdam  he  found  that  the  superficial 
layers  contained  from  50,000  to  350,000  germs  per  cubic  centimetre. 
The  greatest  number  was  not  immediately  upon  the  surface,  but  at 
from  one-quarter  to  one-half  metre  below  the  surface.  The  num- 
ber was  found  to  be  greater  in  summer  than  in  winter,  the  maximum 
being  in  July  and  August.  At  a  depth  of  three-quarters  of  a  metre 
to  a  metre  and  a  half  there  was  a  very  great  and  abrupt  diminutionin 
the  number  of  germs.  From  200, 000  at  one-half  metre  the  number  fell 
to  2,000  at  a  depth  of  a  metre,  from  250,000  at  three-quarters  of  a 
metre  to  200  at  one  metre,  etc.,  and  at  a  depth  of  one  and  one-half 
metres,  in  some  instances,  no  more  living  germs  were  obtained.  In 
other  experiments  a  few  colonies  developed  from  earth  obtained  at  a 
depth  of  three  or  four  metres,  but  these  were  slow  in  making  their 
appearance,  and  often  several  days,  or  even  weeks,  elapsed  before 
they  became  visible  in  Esmarch  roll  tubes.     In  experiments  with  sur- 
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face  Boil,  on  the  contrary,  a  multitude  of  colonies  developed  within 
twenty-four  to  forty-eight  hours,  and,  as  many  liquefying  bacteria 
were  present,  it  was  necessary  to  make  the  enumeration  on  the  first 
or  second  day,  at  which  time,  no  doubt,  many  of  the  bacteria  present 
had  not  yet  formed  visible  colonies.  The  results  obtained  have, 
therefore,  only  a  relative  value. 

The  most  important  fact  developed  by  Frankel's  researches  is  that 
in  virgin  soil  there  is  a  dividing  line  at  a  depth  of  from  three-quarters 
to  one  and  one-half  metres,  below  which  very  few  bacteria  ar6  found, 
and  that,  consequently,  the  "  ground- water  region  "  is  free  from  micro- 
organisms, or  nearly  so,  notwithstanding  the  immense  numbers  pre- 
sent in  the  superficial  layers. 

The  extended  researches  of  Maggiora,  made  in  the  vicinity  of 
Turin,  led  him  to  the  following  conclusions  : 

1.  The  number  of  fferms  in  desert  and  forest  soils  '^  much  smaller,  other 
conditions  being*  equal,  than  in  cultivated  lands,  and  in  these  it  is  less  than 
in  inhabited  lo^ities. 

2.  In  desert  soils  the  number  of  germs  bears  a  relation  (a)  to  the  geologi- 
cal epoch  to  which  the  lands  belong,  and,  within  certain  limits,  to  the  height 
above  the  level  of  the  sea — the  older  the  soil  and  the  mater  the  altitude, 
other  things  being  equal,  the  fewer  the  germs  ;  (6)  to  tne  compactness  and 
aeration  of  the  soil — ^the  more  compact  and  impermeable  to  air  the  smaller 
the  number  of  germs  capable  of  developing  in  gelatin  ;  (c)  to  the  nature  of 
the  soil—sandy  soils  contain  fewer  germs  than  soils  rich  in  clay  and  in 
humus. 

3.  In  cultivated  lands  the  number  of  ^rms  augments  with  the  activity 
of  cultivation  and  the  strength  of  the  fertilizers  used. 

4.  In  inhabited  localities  the  number  of  ^rms  in  the  superficial  layers  is 
T-ery  great.  In  the  deep  layers  it  usually  diminishes  rapidly,  as  is  the  case 
in  all  other  soils. 

As  to  the  kinds  of  bacteria  present,  and  their  biological  characters 
and  functions  in  preparing  organic  material  for  assimilation  by  the 
plants  whose  roots  penetrate  the  soil,  we  have  yet  much  to  learn. 
Frankel  remarks  that  the  species  most  frequently  encountered  in  the 
deeper  strata  of  the  soil  were  three  bacilli  which  also  abound  in  the 
superficial  layers — viz.,  the  "  hay  bacillus,*'  the  "wurzel  bacillus, '* 
and  the  ^'himbaciUus.*'  In  all  eleven  bacilli  were  isolated  and  cul- 
tivated. Micrococci  were  only  found  four  times,  and  spirilla  not  at 
all.  Mould  fungi  were  more  abundant,  and  especially  one  previously 
obtained  from  the  air  by  Hesse  and  called  by  him  "  brauner  Schim- 
melpilz.'*  Anaerobic  bacilli,  contrary  to  expectation,  were  not  ob- 
tained in  FrankeFs  researches,  and  no  pathogenic  species  were  found 
in  the  deeper  layers  of  the  soil.  We  have  already  referred  to  the 
fact  that  the  bacillus  of  malignant  oedema  and  the  bacillus  of  tetanus, 
two  pathogenic,  anaerobic  species,  are  common  in  rich  surface  soil  in 
various  parts  of  the  world. 
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The  results  obtained  in  the  researches  rofeired  to,  in  which  nutri- 
ent gelatin  was  used  as  a  culture  medium,  are  no  doubt  very  in- 
complete,  not  only  on  account  of  the  liquefaction  of  the  gdatin  by 
common  liquefying  bacilli  before  other  species  present  have  formed 
visible  colonies,  but  also  because  this  is  not  a  favorable  culture  me- 
dium for  some  of  the  species  present  in  the  soil.  Thus  Franklandhas 
succeeded  in  isolating  a  nitrifying  ferment  which  he  calls  *'  Bacillo 
coccus/'  which  grows  abundantly  in  bouillon,  but  fails  to  grow  in 
nutrient  gelatin.  Winogradski  has  also  obtained  in  pure  cultures  a 
nitrifying  ferment  from  the  soil  in  the  vicinity  of  Zurich,  which  he 
has  called  "  Nitromonas/* 

Comparatively  few  micrococci  are  found  in  the  soil,  while  in  the 
air  they  are  usually  found  to  be  more  abundant  than  bacilli.  This 
is  perhaps  due  to  the  fact  that  the  bacilli  are  more  promptly  destroyed 
by  desiccation  and  the  action  of  sunlight 

Several  bacteriolc^sts  have  made  investigations  relating  to  the 
duration  of  vitality  of  pathogenic  bacteria  in  the  soiL  Frankel  found 
that  in  Berlin  the  bacillus  of  anthrax,  in  Elsmarch  roll  tubes,  when 
buried  tn  the  soil  at  a  depth  of  two  metres,  only  occasionally  gave 
evidence  of  growth,  and  at  three  metres  no  development  occurred. 
The  comparatively  low  temperature  at  this  depth  was  no  doubt  an 
important  factor  in  influencing  the  result.  The  cholera  spirillum  in 
the  months  of  Aug^ust,  September,  and  October  grew  at  a  depth  of 
three  metres,  but  in  the  remaining  months  of  the  year  failed  to  grow 
at  two,  while  growth  occurred  at  one  and  one-half  metres.  The 
bacillus  of  typhoid  fever  grew  at  three  metres  during  the  greater 
portion  of  the  year. 

Giaxa  has  made  extended  and  interesting  experiments  with  the 
cholera  spirillum,  cultures  of  which  he  added  to  different  kinds  of 
soil  (garden  earth,  clay,  sand)  and  placed  at  different  depths  below 
the  surface — one-quarter,  one-half,  and  one  metre.  Some  of  theearth 
was  sterilized  and  some  was  not.  In  the  unsterilized  earth  he  found 
the  cholera  spirillum  in  considerable  numbers  at  the  end  of  twenty- 
four  hours  at  the  greatest  depth  tested  (one  metre),  but  at  the  end  of 
forty- eight  hours  it  had  disappeared  in  five  experiments  out  of  seven 
—the  lowest  temperature  at  this  depth  was  20**  C.  In  the  sterilized 
soil  the  result  was  different ;  the  cholera  spirillum  was  present  in 
enormous  numbers  at  the  end  of  four  days  at  a  depth  of  a  metre, 
and  was  still  found  in  smaller  numbers  at  the  end  of  twelve  days,  but 
had  disappeared  at  the  end  of  twenty-one  days.  These  results  indicate 
that  the  presence  of  common  saprophytes  in  the  soil  is  prejudicial  to 
the  development  of  the  cholera  spirillum,  and  that  under  ordinar}* 
circumstances  it  succumbs  in  the  stru^Ie  for  existence  with  these 
more  hardy  microorganisms. 
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The  recently  published  researches  of  Proskauer  (1891)  confirm 
those  of  Frankel  and  others  as  to  the  rapid  diminution  in  the  number 
of  bacteria  in  the  deeper  layers  of  the  soil.  They  also  a^ree  with 
those  of  Gartner  in  showing  that  in  the  soil  of  churchyards  the 
number  of  bacteria  diminishes  greatly  in  the  soil  beneath  the  layer 
containing  coffins.  In  general  the  influence  of  dead  bodies  upon  the 
bacteria  in  the  soil  in  the  vicinity  of  coffins  was  very  slight ;  in  the 
subsoil  of  the  graveyard  there  were  not  many  more  bacteria  than  in 
similar  soil  outside  of  this.  Reimers  had  previously  shown  that 
samples  of  earth  from  two  graves,  in  one  of  which  the  body  had  been 
buried  for  thirty-five  years  and  in  the  other  for  one  and  one- 
half  years,  gave  similar  results  when  examined  by  bacteriological 
methods. 

Manfredi  has  recently  (1892)  published  the  results  of  his  extended 
investigations  relating  to  the  dust  in  the  streets  of  Naples.  The 
number  of  bacteria  varied  greatly  in  diflPerent  parts  of  the  city.  In 
streets  where  the  traffic  was  least  and  hygienic  conditions  the  best 
the  average  number  was  10,000,000  per  gramme.  In  dirty  and  busy 
thoroughfares  the  average  was  1,000,000,000,  and  in  certain  localities 
the  number  was  even  five  times  as  great  as  this.  Injections  into 
guinea-pigs  gave  a  positive  result  in  seventy-three  per  cent  of  the 
animals  experimented  upon.  Among  the  known  pathogenic  bacteria 
obtained  in  this  way  were  the  pus  cocci  (in  eight),  the  Bacillus  tuber- 
culosis (in  three),  the  bacillus  of  malignant  oedema,  and  the  tetanus 
bacillus. 

In  the  recently  published  memoir  of  Fiilles  (1891)  the  following 
species  are  described  as  having  been  found  by  him  in  the  soil  at 
Freiburg,  Germany: 

MICROCOCCI. 


(o)  Non4iquefying. — Micrococcus  aurantiacus  (Cohn),  Micrococcus  can- 


ons (Maschek). 

(6)  Liquefying, — Micrococcus  flavus  liquefaciens  (Fliigge),  Micrococcus 
flavus  desidens  (Fliigge),  Diplococcus  luteus  (Adametz),  Sarcina  lutea. 

NON-PATHOGENIC  BACILLI. 

(a)  Non-luiuefying.—Baucillus  fluorescens  putidus  (Fliigge),  Bacillus  mus- 
coides  (Liborius),  bacillus  scissus  (Franklana),  Bacillus  candicans,  Bacillus 
diffusus  (Frankland),  Bacillus  iiliformis  (Tils),  Bacillus  luteus  (Fliigge), 
Fluorescent  water  bacillus  (Eisenberg),  Bacillus  viridis  pallescens  (Frick), 
Bluish-green  fluorescent  bacillus  (Adametz),  Bacillus  stolonatus  (Adametz), 
Bacillus  Zdmianum  (List),  Bacillus  aerogenes  (Miller),  Bacillus  No.  1  and 
Bacillus  No.  2  (Fiilles). 


dus 


(6)  lAquefying.—BacHlus  ramosus  liquefaciens  (Fliigge\  Bacillus  lic^ui- 
i  (Frankland),   Bacillus  ramoi^us— **wurzel  bacillus,"^  Bacillus  subtiHs 
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(Ehrenbei^),  Bacillus  mesentericus  fuscus  (Fliigge),  Bacillus  meeentericus 
vul^atus  (Fliifge),  Bacillus  fluoresoens  liquefadens  (Flugyjre),  Lemon-yellow 
baculus  (Mascniek),  Green-yellow  bacillus  (Eisenberg),  Gas-forming  Imcillus 
(Eisenberg),  Gray  bacillus  (Maschek),  Bacillus  prodigiosus  (Ehrenberg), 
Proteus  mirabilis  (Hauser),  Proteus  vulgaris  (Hauser),  racillus  mesentericus 
vulgatus,  Bacillus  cuticularis  (Tils),  **  Weisser  bacillus''  (Eisenberg). 

(c)  Pathogenic. — Bacillus  oedematis  maligni  (Koch). 

In  addition  to  the  above  the  following  species  have  been  described  by 
other  authors:  Bacillus  liquefaciens  ma^nus  (Liideritz),  Bacillus  radiatus 
(Xiiideritz),  Bacillus  solidus  (Liideritz),  Bacillus  mycoides  roseus  (Scholl). 
Bacillus  yiscosus  (Frankland),  Bacillus  candicans  (Frankland),  Bacillus 
poliformis  (Liborius),  Clostridium  foetidum  (Liborius). 

Pathogenic  species. — Staphylococcus  pyogenes  aureus  (Rosenbach),  Ba- 
cillus tetani  (Nicolaier),  Streptococcus  septicus  (Nicolaier),  Pseudo-oedema  ba- 
cillus (Liborius),  Bacillus  septicus  agrigenus  (Nicolaier),  Bacillus  of  Utpadel. 
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IV. 

BACTERIA  OF  THE  SURFACE  OF  THE  BODY  AND  OF 
EXPOSED  MUCOUS  MEMBRANES. 

Great  numbers  of  bacteria  of  various  species  multiply  upon  the 
surface  of  the  hwnan  body,  where  they  find  the  necessary  pabulum 
in  the  excretions  from  the  skin  and  the  exfoliated  epithelium.  Evi- 
dently the  number  will  be  largely  influenced  by  the  clothing  worn, 
the  atmospheric  conditions  as  to  heat  and  moisture,  personal  habits, 
etc.  The  writer  has  frequently  inoculated  culture  media  with  a  drop 
of  sterilized  fluid  which  had  been  placed  upon  the  surface  of  the  bod}" 
of  patients  in  hospitals  and  of  healthy  persons.  By  friction  with  a 
platinum  needle  at  the  point  where  the  drop  of  fluid  is  applied  the 
surface  is  washed  and  a  little  epithelium  detached.  Cultures  may 
always  be  obtained  by  inoculating  nutrient  media  from  a  drop  of  fluid 
applied  in  this  way.  Micrococci  of  various  species,  including  the  pus 
cocci,  are  very  commonly  encountered  ;  sarcinsB  and  various  bacilli 
are  also  frequently  met  with.  Even  the  hands,  which  by  reason  of 
their  exposure  and  frequent  ablutions  are  freer  from  exfoliated  epi- 
thelium than  portions  of  the  body  covered  with  clothing,  have  con- 
stantly attached  to  their  surface  a  considerable  number  of  bacteria. 
This  is  shown  by  the  experiments  of  Kiimmel  and  Forster,  of  Fiir- 
bringer  and  others,  with  reference  to  the  disinfection  of  the  hands. 
Forster  found  that  after  the  most  careful  cleaning  of  the  hands  with 
soap,  water,  and  a  brush,  contact  of  the  fingers  with  nutrient  gelatin 
always  resulted  in  the  development  of  a  greater  or  less  number  of 
colonies. 

Bordoni-Uflfreduzzi,  in  his  researches  relating  to  the  bacteria  of 
the  skin,  obtained  in  pure  cultures  five  different  species  of  micrococci 
and  two  bacilli.  Pure  cultures  of  his  Bacterium  graveolens,  which 
was  usually  found  between  the  toes,  gave  off  a  disagreeable  odor  like 
that  observed  from  this  locality  in  certain  individuals.  In  his  re- 
searches made  in  Havana  the  writer  frequently  encountered  in  cul- 
tures from  the  surface,  associated  with  various  micrococci,  his  Micro- 
coccus tetragenus  versatilis. 

Farbringer  found  (luite  frequently  in  the  spaces  beneath  the  fiu- 
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ger  nails  Staphylococcus  pyogenes  aureus  associated  with  various 
other  microorganisms.  A  similar  result  had  previously  been  reported 
by  Bockhart. 

In  his  examinations  of  water  from  various  sources  Miquel  found 
that  "wash-water"  from  the  floating  laundries  on  the  Seine  con- 
tained more  bacteria  than  water  f  roin  any  other  source,  even  than 
the  water  of  the  Paris  sewers.  His  enumeration  gave  twenty-six 
milUon  germs  per  cubic  centimetre. 

Hohein  has  enumerated  the  colonies  developing  from  undercloth- 
ing worn  for  various  lengths  of  time  and  made  of  different  kinds  of 
material.  A  piece  of  the  goods  to  be  tested  was  sewed  fast  to  the 
underclothing,  so  as  to  come  in  immediate  contact  with  the  body  ;  at 
the  end  of  a  given  time  a  fragment  one-quarter  of  a  centimetre  square 
was  cut  up  as  fine  as  possible  and  distributed  in  nutrient  gelatin. 
Plates  were  made  and  the  colonies  counted  at  the  end  of  five  or  six 
days. 

In  an  experiment  in  which  sterilized  woven  goods  were  worn  next 
to  the  skin  of  the  upper  arm  the  following  results  were  obtauied : 
Linen  goods,  at  the  end  of  one  day  28,  two  days  4,180  colonies ;  cot- 
ton  goods,  end  of  one  day  105,  end  of  two  days  1,870 ;  woollen  goods, 
end  of  one  day  606,  end  of  two  days  6,799.  When  the  material  had 
been  in  contact  with  the  skin  for  four  days  the  colonies  which  devel- 
oped were  so  numerous  that  they  could  not  be  counted, 

Maggiora  isolated  twenty-two  species  of  bacteria  from  his  cultures 
inoculated  with  epidermis  from  the  foot.  None  of  these  proved  to 
be  pathogenic  for  mice,  rabbits,  or  guinea-pigs.  Several  gave  off  a 
strong  odor  of  trimethylamin,  similar  to  that  of  sweating  feet. 

The  following  species  have  been  found  upon  the  surface  of  the 
body : 

Nonrpathoffenic. — Diplococcus  albicans  tardus  (Unna  and  Tommasoli), 
Diplococcus  citreus  liquefaciens  (Unna  and  Tommasoli),  Diplococcus  flavus 
liquefaciens  tardus  (Unna  and  Tommasoli),  Staphylococcus  viridis  flaves- 
cens  (Guttmann),  Bacillus  ffraveolens  (Bordoni-Uffreduzzi),  Bacillus  epider- 
midis  (Bordoni),  Ascobacillus  citreus  (Unna  and  Tommasoli),  Bacillus  fluo- 
rescens  liquefaciens  minutissimus  (Unna  and  Tommasoli),  Bacillus  aureus 
(Unna  and  Tommasoli),  Bacillus  ovatus  minutissimus  (Unna  and  Tomma- 
soli), Bacillus  albicans  pateriformis  (Unna  and  Tommasoli),  Bacillus  spini- 
ferus  (Unna  and  Tommasoli),  Bacillus  of  Scheurlen,  Micrococcus  tetntgenus 
versatilis  (Sternberg),  Bacillus  Havaniensis  liquefaciens  (Sternberg). 

Paf^iog^iwic.— Staphylococcus  i)yogenes  albus.  Staphylococcus  jpyo^nes 
aureus,  Streptococcus  pyogenes,  Diplococcus  of  Demme,  "Bacillus  of  L'emme, 
Bacillus  of  dchimmelbusGA,  Bacillus  of  Tonmiasoli,  Bacillus  saprogeues  11. 
(Rosenbach),  Bacillus  parvus  ovatus  (Loffler). 

SURFACE  OF  MUCOUS  MEMBRANES. 

Cultures  made  from  the  conjunctivce  of  healthy  persons  usually 
show  the  presence  of  various  micrococci,  and  sometimes  of  bacilli. 
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In  diseased  conditions  these  are  more  numerous  than  in  health,  hut 
the  pus  cocci  are  not  infrequently  found  in  healthy  eyes. 

As  bacteria  are  constantly  present  in  the  air,  they  are  necessarily 
deposited  upon  the  moist  mucous  membrane  of  the  nose  during  in- 
spiration. Indeed,  it  would  appear  as  if  an  important  function  of 
this  extended  mucous  membrane  is  to  purify  the  air  from  suspended 
particles,  and  it  has  been  shown  by  experiment  that  expired  air  is 
practically  free  from  bacteria.  The  greater  number  of  those  con- 
tained in  inspired  air  are  deposited  upon  the  mucous  membrane  of 
the  anterior  and  posterior  nares.  In  culture  experiments  made  by 
Von  Besser,  Wright,  and  others  the  nasal  mucus  was  found  to  con- 
tain a  great  variety  of  bacteria;  among  others  the  pus  cocci  were 
frequently  found  by  both  of  the  observers  mentioned.  In  eighty-one 
cases  Von  Besser  found  the  "diplococcus  pneumoniflB*'  fourteen 
times,  Staphylococcus  pyogenes  aureus  fourteen  times,  Streptococ- 
cus pyogenes  seven  times,  and  Friedlander's  bacillus  twice.  Twenty- 
eight  of  the  cases  examined  were  convalescents  in  hospital ;  among 
these  the  pathogenic  species  mentioned  were  found  less  frequently 
than  in  other  individuals.  The  following  non-pathogenic  species 
were  isolated  :  Micrococcus  Uquefaciens  albus  in  twenty-two  cases, 
Micrococcus  albus  in  nine  cases,  Micrococcus  cumulatus  tenuis  in 
fourteen  cases.  Micrococcus  flavus  Uquefaciens  in  three  cases,  Bacil- 
lus striatus  albus  in  ten  cases,  etc. 

Paulsen  (1890)  made  thirty-one  cultures  in  nutrient  gelatin  from 
sixteen  persons  and  thirty-three  in  nutrient  agar  from  twenty-two 
persons,  with  the  following  result :  Eleven  remained  sterile,  nine- 
teen showed  not  more  than  ten  colonies,  sixteen  less  than  one  hun- 
dred, twelve  more  than  one  hundred,  and  in  six  the  number  was  so 
great  that  they  could  not  be  counted.  Micrococci  were  more  nu- 
merous than  bacilli ;  of  these  a  "  sulphur-yellow  coccus ''  in  tetrads 
was  found  in  eight  individuals.  Various  species  of  liquefying  cocci, 
resembling  the  pus  cocci,  were  isolated,  but  the  conclusion  was 
reached  that  none  of  these  were  identical  with  the  staphyloccoci 
of  pus,  which  Von  Besser  and  Wright  both  found  in  a  considerable 
proportion  of  the  culture  experiments  made  by  them. 

Very  extended  researches  have  been  made  with  reference  to  the 
bacteria  present  in  the  human  inouth,  which  show  that  numerous 
species  are  constantly  present  in  the  buccal  secretions  and  upon  the 
surface  of  the  moist  mucous  membrane.  Some  of  these  are  occa- 
sional and  accidental,  while  others  appear  to  have  their  normal  habi- 
tat in  the  mouth,  where  the  conditions  as  to  temperature,  moisture, 
and  presence  of  organic  pabulum  are  extremely  favorable  for  their 
development.  A  minute  di^p  of  saliva  spread  upon  a  glass  slide, 
dried,  and  stained  with  one  of  the  aniline  colors,  will  always  be 
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found  to  contain  an  immense  number  of  bacteria  of  various  forms. 
Some  of  these  are  attached  to  epithelial  cells  and  some  scattered  about 
singly  or  in  groups.     Among  those  seen  in  a  single  specimen  we  will 
usually  find  cocci  in  tetrads,  in  chains,  and  in  irreg^ular  groups, 
bacilli  of  various  dimensions,  and  occasionally  spirilla.     According 
to  Prof,   Miller,   of  Berlin,  the  following  species  "almost  inva- 
riably occur  in   every  mouth:     Leptothrix   innominata,  Bacillus 
buccalis  maximus,  Leptothrix  buccaHs  maxima,  lodococcus  vagina- 
tus.  Spirillum  sputigenum,  SpirochaBte  dentium.     All  of  these  fail 
to  grow  in  ordinary  culture  media.     Miller  has  made  extended  at- 
tempts to  obtain  cultures  by  varying  the  medium  used  and  attempt- 
ing to  imitate  as  nearly  as  possible  the  natural  medium  in  which  they 
are  f  oimd ;  but  his  attempts  have  been  imsuccessf  ul,  or  nearly  so— 
"  only  line  cultures  afforded  a  limited  growth,  but  the  colonies  never 
developed  more  than  fifteen  to  twenty  cells,  and  a  transference  to  a 
second  plate  proved  futile,  no  further  growth  taking  place." 

Up  to  the  year  1885  Miller  had  isolated  twenty-two  different  spe- 
cies of  bacteria  from  the  human  mouth.  Ten  of  these  were  cocci, 
five  short  bacilli,  six  long  bacilli,  and  one  a  spirillum.  Later  the 
same  author  cultivated  eight  additional  species.  Vignal  has  iso- 
lated and  described  seventeen  species  obtained  by  him  in  pure  cul- 
tures from  the  healthy  himian  mouth ;  most  of  these  are  bacilli, 
and  Miller,  who  found  micrococci  to  be  more  numerous,  supposes 
the  difference  in  results  to  be  due  to  the  fact  that  many  of  the  cocci 
do  not  grow  in  nutrient  gelatin,  which  was  the  meditun  employed 
by  Vignal.  In  the  researches  of  the  last-named  author  the  follow- 
ing species  were  obtained  most  frequently,  in  the  order  given : 
1.  Bacterium  termo.  2.  Bacillus  e  (Bacillus  ulna  ?).  3.  Potato  ba- 
cillus. 4.  Coccus  a.  5.  Bacillus  5.  6.  Bacillus  d.  7.  Bacillus  c 
(Bacillus  alvei  ?).  8.  Bacillus  subtilis.  9.  Staphylococcus  pyogenes 
albus.     10.  Staphylococcus  pyogenes  aureus. 

Among  the  species  above  enumerated  we  find  two  of  the  most 
common  pus  cocci,  Staphylococcus  albus  and  aureus,  but  no  mention 
is  made  of  another  important  pathogenic  micrococcus  which  is  f  re- 
(luently  found  in  the  healthy  human  mouth,  viz.,  the  micrococcus  of 
sputum  septicdBmia,  first  named  by  the  writer  Micrococcus  PasteurL 
This  does  not  grow  at  ordinary  temperatures,  and  consequently 
would  not  be  obtained  in  gelatin  plate  cultures.  Very  different  re- 
sults have  been  reported  by  different  observers  as  to  the  frequency 
^\-ith  which  these  pathogenic  cocci  €ure  found  in  the  buccal  cavity. 
Black  found  in  the  saliva  of  ten  healthy  individuals  the  Staphy- 
lococcus p3'ogenes  aureus  seven  times,  Staphylococcus  pyogenes  al- 
bus four  times,  and  Streptococcus  p\;pgenes  three  times.  On  the 
other  hand,  Netter  found  Staphylococcus  aureus  only  seven  times  in 
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one  hundred  and  twenty-seven  individuals  examined.  Miller  also 
has  rarely  found  the  pus  cocci  in  the  mouths  of  healthy  persons. 
Streptococcus  pyogenes  was  not  found  by  Vignal  in  his  extended 
researches.  The  experiments  of  the  writer,  of  Vulpian,  Frankel, 
Netter,  Claxton,  and  others  show  that  the  micrococcus  which  in 
1885  I  named  Micrococcus  Pasteuri,  and  which  is  identical  with  the 
"  diplococcus  pneumoniae  "  of  German  authors,  is  frequently  present 
in  the  healthy  human  mouth— now  called  Micrococcus  pneumoniaB 
croupo8».  Netter  examined  the  saliva  of  one  hundred  and  sixty-five 
healthy  individuals  and  obtained  it  in  fifteen  per  cent  of  the  number 
examined. 

Another  pathogenic  micrococcus  which  is  frequently  present  in 
the  mouths  of  healthy  persons  is  the  Micrococcus  tetragenus  of  Koch. 
The  following  pathogenic  bacteria  have  also  been  isolated  and  de- 
scribed :  Bacillus  crassus  sputigenus  (Kreibohm),  Bacillus  salivarius 
septicus  (Biondi).  The  Streptococcus  septo-pyaemicus  of  Biondi  is 
described  as  having  characters  identical  with  those  of  the  Strepto- 
coccus pyogenes  of  Rosenbach.  Two  other  pathogenic  species  de- 
scribed by  Biondi  were  each  found  in  a  single  case  only.  Miller 
has  described  the  following  pathogenic  species  isolated  and  studied 
by  him :  Micrococcus  gingivae  pyogenes.  Bacterium  gingivae  pyo- 
genes. Bacillus  dentalis  viridans.  Bacillus  pulpae  pyogenes. 

Vignal  has  tested  a  considerable  number  of  microorganisms,  ob- 
tained by  him  in  his  cultures  from  the  healthy  human  mouth,  with 
reference  to  their  peptonizing  action  upon  various  kinds  of  food,  with 
the  idea  that  some  of  them  may  have  an  important  physiological 
function  of  this  kind.  Out  of  nineteen  species  he  found  ten  which, 
after  a  longer  or  shorter  time,  dissolved  fibrin,  nine  which  dissolved 
gluten,  ten  which  dissolved  casein,  and  five  which  dissolved  albu- 
min ;  nine  changed  lactose  into  lactic  acid,  seven  inverted  cane  sugar, 
seven  caused  the  fermentation  of  glucose,  and  seven  coagulated 
milk. 

Recently  (1891)  SanareUi  has  shown  that  normal  saliva  has  the 
power  of  destroying  the  vitality  of  a  limited  nimiber  of  certain  patho- 
genic bacteria,  including  the  following  species  :  Staphylococcus  pyo- 
genes aureus.  Streptococcus  pyogenes.  Micrococcus  tetragenus. 
Bacillus  typhi  abdominalis.  Spirillum  cholerae  Asiaticae.  When  to 
ten  cubic  centimetres  of  saUva,  sterilized  by  filtration  through  porce- 
lain, the  above-mentioned  pathogenic  bacteria  were  added  in  small 
numbers  by  means  of  a  platinum  needle  carried  over  from  a  pure 
culture,  no  development  occurred,  and  at  the  end  of  twenty-four 
hours  the  bacteria  introduced  were  incapable  of  growth  in  a  suitable 
medium.  But  when  this  amount  of  filtered  saliva  was  inoculated 
with  a  large  platinum  loop — an  ose — ^a  certain  number  of  the  bacteria 
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surviredy  and  at  the  end  of  three  or  four  days  an  abundant  develop- 
opment  occurred.  At  first,  however,  the  number  of  livii^  cells  vras 
considerably  diminished.  In  saliva  to  which  one  ose  of  a  culture  of 
Staphylococcus  aureus  was  added  thirteen  thousand  eight  hundred 
and  forty  colonies  developed  in  a  plate  made  inmiediately  after  inocu- 
lation, while  a  plate  made  at  the  end  of  twenty-four  hours  contained 
but  one  hundred  and  thirty-two  colonies,  and  one  at  the  end  of  forty- 
eight  hours  had  but  eight  colonies.  Subsequently  multiplication 
occurred,  and  a  plate  made  on  the  ninth  day  after  inoculation  con- 
tained so  many  colonies  that  they  could  not  be  counted. 

The  diphtheria  bacillus  was  not  destroyed  in  filtered  saliva,  but 
did  not  multiply  in  it.  On  the  other  hand,  it  proved  to  be  a  very 
favorable  medium  for  the  development  of  Micrococcus  pneumonise 
crouposad. 

Mucus  from  the  surface  of  the  meatus  urinarius  of  man  and 
woman,  or  from  the  vagina,  will  always  be  found  to  contain  various 
bacteria ;  but  the  bladder,  the  uterus,  and  Fallopian  tubes  in  healthy 
individuals  are  free  from  microorganisms.  Winter  has  isolated 
twenty-seven  different  species  from  vaginal  and  cervical  mucus,  and 
reports  that  he  f oimd  Staphylococcus  pyogenes  albus  in  one-half  of 
the  cases  examined.  A  streptococcus  was  also  encountered  which 
resembled  Streptococcus  pyogenes,  although  not  positively  identified 
with  it.  Samschin,  on  the  other  hand,  failed  to  obtain  the  pus  cocci 
in  vaginal  mucus  from  healthy  women. 

Donderlein,  Von  Ott,  and  others  have  carefully  examined  the 
lochial  discharge  with  reference  to  the  presence  of  bacteria.  The 
first-named  author  found  that  in  healthy  women  the  lochial  discharge 
obtained  from  the  uterus  was  free  from  germs,  but  when  collected 
from  the  vagina  various  microorganisms  were  obtained.  In  one  case 
in  which  some  fever  existed  Staphylococcus  py(^;enes  aureus  was 
found  in  the  vagina,  while  the  discharge  from  the  uterus  was  free 
from  germs.  In  five  cases  of  puerperal  fever  Streptococcus  pyogenes 
was  obtained  in  the  lochial  dischai^  from  the  uterus.  The  results 
of  Von  Ott  correspond  with  those  of  Donderlein.  Czemiewski,  in 
the  lochia  of  fifty-seven  healthy  women,  found  the  Streptococcus 
pyogenes  but  once,  while  in  the  lochial  discharge  of  fatal  cases  of 
puerperal  fever  it  was  always  present. 

Steffeck  (1892)  has  examined  the  vaginal  secretion  of  twenty-nine 
pregnant  females  who  had  not  been  subjected  to  digital  examina- 
tion, and  found  Staphylococcus  pyogenes  albus  in  nine.  Staphylo- 
coccus pyogenes  aureus  in  three,  and  Streptococcus  pyogenes  in  one. 
These  results  indicate  that  puerperal  septicsemia  from  self-infection 
may  occur  in  exceptional  cases.  In  seventeen  of  the  twenty-nine 
cases  examined  none  of  these  pyogenic  micrococci  were  found. 
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The  following  species  have  been  obtained  from  the  nasal  and 
buccal  secretions : 

FROM  THE  NOSE. 

Non-pathogenic, — ^Micrococcus  nasalis  (Hajek),  Diplococcus  coryzse 
(Hajek),  Microcoocos  albus  liquefaciens  (Von Cesser),  Micrococcus  cumu- 
latus  tenuis  (Von  Besser),  Micrococcus  tetraffenus  subfiavus  (Von  Besser), 
Diplococcus  nuorescensfoetidus  (Klamann),  Micrococcus  foetidus  (Klamann}, 
Vibrio  nasalis  (Weibel),  Bacillus  striatus  flavus  (Voa  Besser),  Bacillus 
striatus  albus  (Von  Besser). 

Pathogenic. — Staphylococcus  pyogenes  aui*eus,  Staphylococcus  pyogenes 
albus,  Streptococcus  pyo^nes,  Bacillus  of  Friedlander,  Bacillus  of  rnino- 
scleroma  (?),  Bacillus  foetidus  ozaenae  (Hajek),  Bacillus  mallei  (Loffler),  Ba- 
cillus smaragdinus  fcetidus  (Reimann). 

FROM  THE  MOUTH. 

Non^pathogenic. — Micrococcus  roseus  (Eisenberg),  Micrococcus  A,  B,  O, 
X>,  E  of  iPodbielskij,  Sarcinapulmonum  (Hauser),  ^rainalutea.  Micrococcus 
candicans  (Fliigfi^),  Bacillus  of  Miller,  Bacillus  virescens  (Frick),  Vibrio 
rugula,  Vibrio  ungualis  (Weibel),  Pseudo-diphtheria  bacillus  (Von  Hoff- 
mann), Bacillus  mesentericus  vulffatus,  Bacillus  subtilis.  Bacillus  a,  b,  e,  d, 
^*fy  g*  h,  1,  and  j[  of  Vignal,  Baculus  subtilis  similis,  Bacillus  radiciformis 
(Eisenberg),  Bacillus  luteus.  Bacillus  fiuorescens  non-liquefaciens,  Bacillus 
ruber.  Bacillus  viridiflavus,  Proteus  Zenkeri,  Bacillus  (J-,  H,  I,  J ,  K,  L,  M, 
N,  and  Vibrio  O  and  P  of  Podbielskij,  Vibrio  viridans  (Miller),  Micrococcus 
nexifer  (Miller),  lodococcus  magnus  (Miller),  Ascococcus  buccaljs  (Miller), 
Bacillus  fuscans  (Miller). 

Paf/iogreyiu;.— Staphylococcus  pyogenes  albus,  Staphylococcus  pyogenes 
aureus.  Staphylococcus  salivarius  septicus(Biondi),  Streptococcus  pyogenes. 
Micrococcus  salivarius  septicus  (Biondi),  Micrococcus  tetragenus  (Gaffky), 
Micrococcus  gingfivae  py^ogenes  (Miller),  Streptococcus  septo-pysemicus  (Bi- 
ondi), Streptococcus  articulorum  (Loffler),  Micrococcus  of^  M^fredi,  Micro- 
coccus pneumonisB  crouposae — '  ^  Micrococcus  Pasteuri  "  (Sternbenp) ;  Bacillus 
diphtheriae  (Loffler),  Bacillus  tuberculosis  (Koch),  Baculus  of  Friedlander, 
BaciUus  bronchitidae  putridsB  (Lumnitzer),  Bacillus  septicaemiae  haemorrha- 
fiHicse,  Bacillus  ^n^vas  pyogenes  (Miller),  Bacillus  pulpae  pyogenes  (Miller), 
Bacillus  dentalis  viridans  (Miller),  Bacillus  crassus  sputigenus  (Kreibohm), 
Bacillus  saprogenes  No.  1  (Rosenbach),  Bacillus  pneumoniae  agilis*  (Schou), 
Bacillus  pneumoniae  of  Klein,  Bacillus  pneumosepticus  (Babes). 
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As  the  secretions  of  the  mouth  contain  numerous  bacteria,  these 
must  constantly  find  their  way  to  the  stomach,  but  conditions  are 
not  favorable  for  their  development  when  the  stomach  is  in  a  healthy 
state  and  its  secretions  normal.  Under  certain  circumstances,  how- 
ever, there  may  be  an  abundant  development  in  the  stomach  of  spe- 
cies which  give  rise  to  various  fermentations,  and  no  doubt  dyspep- 
tic symptoms  are  frequently  due  to  this  cause.  In  the  present 
section  we  are,  however,  only  concerned  with  the  bacteria  of  the 
healthy  stomach.  Most  of  these,  we  think,  are  to  be  considered  as 
only  temporarily  and  accidentally  present  in  this  viscus  as  the  result 
of  the  swallowing  of  the  buccal  secretions  and  of  food  and  drink  con- 
taining them. 

The  experiments  of  Straus  and  Wiirtz  and  of  others  show  that 
normal  gastric  juice  possesses  decided  germicidal  power,  which  is 
due  to  the  free  hydrochloric  acid  contained  in  it.  Hamburger  (1890) 
found  that  gastric  juice  containing  free  acid  is  almost  always  free 
from  living  microorganisms,  and  that  it  quickly  kills  the  cholera 
spirillum  and  the  typhoid  bacillus,  but  has  no  effect  upon  anthrax 
spores.  Straus  and  Wiirtz  found  that  the  cholera  spirillum  is  kiUed 
by  two  hours'  exposure  in  gastric  juice  obtained  from  dogs,  the 
typhoid  bacillus  in  two  to  three  hours,  anthrax  bacilli  in  fifteen  to 
twenty  minutes,  and  the  tubercle  bacillus  in  from  eighteen  to  thirt}'^- 
six  hours.  The  experiments  of  Kurlow  and  Wagner,  made  with 
gastric  juice  obtained  from  the  stomach  of  healthy  men  by  means  of 
a  stomach  sound,  gave  the  following  results :  Anthrax  bacilli  with- 
out spores  failed  to  grow  after  exposure  to  the  action  of  human  gas- 
tric juice  for  half  an  hour,  but  spores  were  not  destroyed  in  twenty- 
four  hours;  the  typhoid  bacillus  was  killed  in  one  hour;  the 
cholera  spirillum,  the  bacillus  of  glanders,  and  Bacillus  pyocyanus 
were  all  destroyed  at  the  end  of  half  an  hour  ;  the  pus  cocci  showed 
greater  resisting  power.  Certain  bacteria  have  a  greater  resisting 
power  for  acids  than  any  of  those  above  mentioned,  and  some  of  them 
may  consequently  pass  through  the  healthy  stomach  to  the  intestine 
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in  a  living  condition,  but  there  is  good  reason  to  believe  that  the 
spirillum  of  cholera  or  the  bacillus  of  anthrax  would  not.  On  the 
other  hand,  the  tubercle  bacillus  and  the  spores  of  other  bacilli  can, 
no  doubt,  pass  through  the  stomach  to  the  intestine  without  losing 
their  vitality. 

Of  nineteen  species  isolated  by  Vignal  in  his  cultures  from  the 
healthy  human  mouth,  the  greater  number  resisted  the  action  of  the 
gastric  juice  for  more  than  an  hour,  and  six  species  which  did  not 
form  spores  were  foimd  to  retain  their  vitality  in  gastric  juice  for 
more  than  twenty-four  hours. 

In  making  a  bacteriological  analysis  of  the  contents  of  the  healthy 
stomach  the  more  resistant  microorganisms  and  those  which  form 
spores  will  naturally  be  found  in  greater  or  less  numbers,  inasmuch 
as  some  of  them  are  likely  to  be  present  in  food  and  water  ingested. 

Van  Puteren  (1888)  obtained  a  variety  of  microorganisms  in  very 
considerable  numbers  from  the  stomachs  of  infants  fed  upon  un- 
sterilized  cow^s  milk,  but  in  healthy  nursing  infants  the  number  was 
much  smaller,  especially  when  the  mouth  was  washed  out  with  dis- 
tilled water  immediately  before  and  after  nursing.  In  18  per  cent 
of  the  cases  no  microorganisms  were  found  under  these  circum- 
stances, and  in  41  per  cent  the  number  fell  below  one  thousand  per 
cubic  centimetre.  Among  the  nursing  infants  examined  (eighty- 
five)  the  following  species  were  most  numerous :  Monilia  Candida, 
Bacillus  lactis  aerogenes,  a  non-liquefying  coccus.  Staphylococcus 
pyogenes  aureus.  Bacillus  subtilis.  In  infants  fed  upon  coVs  milk 
(eleven)  Bacillus  lactis  aerogenes  was  present  in  45.4  per  cent  of 
the  cases,  and  Staphylococcus  pyogenes  aureus  in  27.2  per  cent,  non- 
Uquefying  cocci  in  54.4  per  cent,  liquefying  cocci  in  72.7  per  cent. 
Bacillus  subtilis  in  36.3  per  cent,  and  Bacillus  butyricus  (Hueppe) 
in  all  of  the  cases  ;  next  to  these  Bacillus  flavescens  liquef aciens 
was  the  most  abundant.  The  author  named  reaches  the  conclusion 
that  no  species  is  constant  and  that  the  presence  of  those  found  de- 
pends upon  accidental  circumstances. 

Abelous  (1889)  found  in  his  own  stomach,  washed  out  while  fast- 
ing, a  considerable  number  of  species  of  bacteria,  viz. :  Sarcina 
ventriculi.  Bacillus  pyocyanus.  Bacillus  lactis  aerogenes.  Bacillus 
subtilis,  Bacillus  mycoides.  Bacillus  amylobacter.  Vibrio  rugula, 
and  eight  other  undescribed  baciUi  and  one  coccus.  All  of  these 
microdrgaiiisms  were  able  to  resist  the  action  of  hydrochloric  acid 
in  the  proportion  of  1.7  grammes  in  1,000  grammes  of  water. 
Several  were  found  to  be  facultative  anaerobics. 

The  action  of  the  bacteria  isolated  by  him  was  tested  by  Abelous 
upon  various  alimentary  substances.  The  time  required  to  effect 
changes,  such  as  the  digestion  of  fibrin,  the  changing  of  starch 
49 
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into  glucose,  etc.,  was  found  to  be  so  long  that  there  was  no  reason 
to  suppose  that  any  one  of  the  microorganisms  tested  was  con- 
cerned in  ordinary  stomach  digestion. 

In  the  intestine  conditions  are  favorable  for  the  development  of 
many  species  of  saprophytic  bacteria,  and  the  smallest  quantity  of 
excrementitious  material  from  the  bowels,  spread  upon  a  glass  slide 
and  stained  with  one  of  the  aniline  colors,  wiU  be  found  to  contain 
a  multitude  of  microorganisms  of  this  class,  of  various  forms. 
Among  these  are  certain  species  which  have  their  tiormal  habitat  in 
the  intestine,  and  which  may  always  be  obtained  in  cultures  from 
this  source,  while  others,  having  been  present  in  food  or  water  in- 
gested, and  having  escaped  destruction  in  the  acid  juices  of  the 
stomach,  are  accidentally  and  temporarily  present.  These  latter 
may  or  may  not  increase  in  the  organic  pabulum  which  abounds  in 
the  intestine,  according  as  the  conditions  are  favorable  or  otherwise. 
The  strictly  aerobic  bacteria  could  not  multiply  because  of  the  ab- 
sence of  oxygen,  and  the  species  encoimtered  are  for  the  most  part 
anaerobics  or  facultative  anaerobics.  The  Bacillus  coli  communis 
of  Escherich,  which  is  the  most  constant  and  abundant  species  found 
in  the  intestine  of  man  and  of  certain  of  the  Ipwer  animals,  is  a  facul- 
tative anaerobic,  which  grows  readily  in  the  ordinary  culture  media, 
either  in  the  presence  of  oxygen  or  in  an  atmosphere  of  hydrogen. 
But  certain  other  bacteria  of  the  intestine  are  strictly  anaerobic  and 
do  not  grow  readily  in  the  media  commonly  employed  by  bacteri- 
ologists. 

Escherich  has  shown  that  in  new-bom  infants  the  meconium  is 
free  from  bacteria.  At  the  end  of  twelve  to  eighteen  hours  after 
birth  bacteria  appear  in  the  alvine  discliarges,  and  the  number  is 
already  considerable  at  the  expiration  of  the  first  twenty-four  hours 
of  independent  existence.  The  species  first  found  are  cocci  and  yeast 
cells  which  no  doubt  come  from  the  atmosphere,  having  been  de- 
posited upon  the  moist  mucous  membrane  of  the  mouth  and  swal- 
lowed with  the  buccal  secretions.  When  the  meconium  is  replaced 
by  "  milk  faeces "  these  contain  in  large  numbers  the  Bacillus  coli 
communis,  heretofore  spoken  of  as  the  most  common  species  found  in 
the  intestine  of  adults.  Another  species  associated  with  this,  but 
not  so  abundant,  is  the  Bacillus  lactis  aerogenes  of  Escherich. 
Other  bacilli  and  cocci  are  found  occasionally  in  smaller  numbers. 
These  bacilli  do  not  liquefy  gelatin,  and,  as  a  rule,  the  microor- 
ganisms found  in  the  alvine  discharges  of  healthy  persons  are  non- 
liquefying  bacteria.  Escherich's  researches  led  him  to  the  conclu- 
sion that  the  Bacillus  lactis  aerogenes  is  constantly  present  in  the 
small  intestine  of  milk-fed  children  as  the  most  prominent  species, 
and  that  its  multiplication  there  is  favored  by  the  presence  of  milk 
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sugar,  and  that  Bacillus  coli  communis  finds  the  most  favorable 
conditions  for  its  growth  in  the  large  intestine. 

Brieger,  in  1884,  isolated  from  faeces  and  carefully  studied  two 
baciUi,  one  of  which  has  since  been  called  by  his  name.  This  is  a 
non-liquefying  bacillus  which  is  very  pathogenic  for  guinea-pigs, 
and  which  in  its  morphology  and  characters  of  growth  closely  re- 
sembles the  Bacillus  coli  communis  of  Escherich.  Indeed,  a  num- 
ber of  non-liquefying  bacilli,  differing  but  slightly  in  their  morpho- 
logical and  biological  characters,  have  been  obtained  by  various 
investigators  from  the  alimentary  canal  of  man  and  the  lower  ani- 
mals, and  it  is  still  a  question  whether  they  are  to  be  regarded  as 
distinct  species  or  as  varieties  of  the  "colon  bacillus  "  of  Escherich. 
The  bacillus  obtained  by  Emmerich  from  cholera  cadavers  in  Na- 
ples belongs  to  this  group,  and,  if  not  identical  with  the  colon  bacil- 
lus, resembles  it  so  closely  that  its  differentiaticxi  is  extremely  diffi- 
cult. Brieger's  bacillus  forms  propionic  acid  in  solutions  containing 
g^pe  sugar.  A  second  bacillus  obtained  by  him  from  the  same 
source  resembles  the  "  pneumococcus  ^*  of  Friedlander  ;  this  causes 
the  fermentation  of  saccharine  solutions,  with  production  of  ethyl 
alcohol. 

Bienstock  (1883)  isolated  four  species  of  bacilli  from  normal  faeces, 
two  of  which  are  comparatively  large  and  resemble  Bacillus  sub- 
tilis  in  their  morphology  and  in  the  formation  of  spores.  A  third 
species  is  described  as  an  extremely  slender  pathogenic  bacillus,  re- 
sembling the  bacillus  of  mouse  septicaemia.  The  fourth  species  is  an 
actively  motile  bacillus  which  forms  end  spores,  causing  the  rods  to 
have  the  form  of  a  drumstick.  This  is  said  to  cause  the  decomposi- 
tion of  albumin,  with  production  of  ammonia  and  carbon  dioxide. 
Later  researches  do  not  sustain  Bienstock's  conclusion  that  the  ba- 
ciUi  described  by  him  are  the  principal  forms  found  in  normal  faeces. 

Among  the  species  encountered  by  Escherich,  in  addition  to  those 
mentioned  above  (Bacillus  coli  communis  and  Bacillus  lactis  aero- 
genes),  are  the  following :  Proteus  vulgaris,  found  three  times  in 
meconium,  and  constantly  in  the  faeces  of  dogs  fed  upon  flesh  ;  Strep- 
tococcus coli  gracilis,  found  in  meconium,  but  not  during  the  period 
of  nursing,  is  constantly  present  in  the  intestine  when  a  flesh  diet  is 
employed. 

The  intestine  of  carnivorous  and  omnivorous  animals  contains  a 
greater  number  of  bacteria  than  that  of  the  herbivora,  and  in  the 
large  intestine  they  are  far  more  numerous  than  in  the  small  intes- 
tine (De  Giaxa).  Sucksdorf  has  enumerated  the  colonies  developing 
from  one  milligramme  of  faeces  from  individuals  on  mixed  diet.  He 
obtained  an  average  of  380,000  from  a  series  of  observations  in  which 
the  maximum  was  2,300,000  and  the  minimum  25J)O0. 
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The  following  species  have  been  isolated  from  f sdoes  and  the  con- 
tents of  the  intestine  of  c€ulavers  : 

Non-pathogenic. — Streptococcus  coli  g^racilis  rEscherich),  Micrococcus 
aerogenes  (Miller),  Micrococcus  tetragenus  versatilis  (Sternberg),  Micrococ- 
cus ovalis  (Escherich),  ** Yellow  liquefying  staphylococcus"  (Escherich), 
' '  Porzellanooocus  "  (Escherich),  Bacillus  subtilis,  bacillus  aerogenes  (Miller), 
Bacterium  aerogenes  (Miller).  Bacillus  lactiserythrogenes  (Hueppe),  Clostri- 
dium fcetidum  (Ldborius),  Bacillus  mu8coides(Liborius),  Bacillus  putrificus 
coli  (Bienstock),  Bacillus  subtilis  similis  I.  and  II.  (Bienstock),  Bacillus 
Zopfii,  Bacillus  liquefaciens  communis  (Sternberg),  Bacillus  intestinuslique- 
faciens  (Sternberg),  Bacillus  intestinus  motilis  (Sternberg),  Bacillus  fluores- 
cens  liquefaciens  (Fliigge),  "Colorless  fluorescent  liquefying  bacillus"* 
(Escherich),  **  Yellow  liquefying  bacillus'' (Escherich),  Bacillu 


„  Ins  mesenteri- 

cus  vulgatiis,  Bacilli  of  fioo&er,^A  toT,  first  series;  a  to  8,  second  series; 
Bacilli  of  Jeffries  A  to  Z,  and  or,  fi, 

PafT^cnuJ.— Staphylococcus  pyogenes  aureus.  Bacillus  typhi  abdo- 
minalis.  Bacillus  septicsemiae  hsemorrhagicse,  Bacillus  of  Belfanti  and  Pas- 
carola,  JBacillus  enteritidis  (Gartner),  Bacillus  of  Lesage,  Bacillus  pseudo- 
murisepticus  (Bienstock),  Bacillus  coli  communis  (Escherich),  Bacillus  lactis 
aero^nes  (Escherich),  Bacillus  cavicida  (Brieger),  Bacillus  of  Emmerich, 
Bacillus  coproffenes  foetidus  (Schottelius),  Bacillus  of  Utpadel,  Bacillus  leporis 
lethalis  (Sternberg),  Bacillus  acidiformans  (Sternberg),  Bacillus  cuniculicida 
Havaniensis  (Sternberg),  Bacillus  cadaveris  (Stemben?),  Bacillus  cavicida 
Havaniensis  (Sternberg),  Proteus  vulgaris  (Hauser),  Bacillus  tuberculosis. 
Spirillum  cholerse  AsiaticSB,  Spirillum  of  Flnkler  and  Prior. 
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BACTERIA  OP   CADAVERS   AND   OF    PUTREFYING 
MATERIAL  FROM  VARIOUS  SOURCES. 

The  putrefactive  changes  which  occur  so  promptly  in  cadavers, 
ivhen  temperature  conditions  are  favorable,  result  chiefly  from  post- 
mortem invasion  of  the  tissues  by  bacteria  contained  in  the  alimen- 
tary canal.  But  it  is  probable  that  under  certain  circumstances 
microoi^anisms  from  the  intestine  may  find  their  way  into  the  cir- 
culation during  the  last  hours  of  Ufe,  and  that  the  very  prompt  putre- 
factive changes  in  certain  infectious  diseases  in  which  the  intestine 
is  more  or  less  involved  are  due  to  this  fact.  The  writer  has  made 
numerous  experiments  in  which  a  portion  of  liver  or  kidney  re- 
moved from  the  cadaver  at  an  autopsy  made  soon  after  death — one 
to  six  hours — has  been  enveloped  in  an  antiseptic  wrapping  and  kept 
for  forty-eight  hours  at  a  temperature  of  25°  to  30°  C.  In  every  in- 
stance there  has  been  an  abundant  development  of  bacteria,  although 
as  a  rule  none  were  obtained  from  the  same  material  immediately  after 
the  removal  of  the  organ  from  the  body.  This  shows  that  a  few 
scattered  bacteria  were  present.  The  same  result  was  obtained  in 
cases  of  sudden  death  from  accident,  as  from  portions  of  liver  or 
kidney  removed  from  the  bodies  of  persons  dying  of  yellow  fever, 
tuberculosis,  and  other  diseases. 

Numerous  researches  show  that  the  blood  of  healthy  men  and 
animals  is  free  from  bacteria,  and  that  saprophytic  bacteria  injected 
into  a  vein  soon  disappear  from  the  circulation ;  and  recent  experi- 
mentd  show  that  blood  serum  has  decided  germicidal  power.  But  in 
spite  of  this  fact  the  experiments  of  Wyssokowitsch  show  that  cer- 
tain bacteria  injected  into  the  circulation  may  be  deposited  in  the 
liver,  the  spleen,  and  the  marrow  of  the  bones,  and  there  retain  their 
vitality  for  a  considerable  time.  The  spores  of  Bacillus  subtilis  were 
found  by  the  observer  named  to  preserve  their  vitality  in  the  liver  or 
spleen  of  animals  into  which  they  had  been  injected,  for  a  period  of 
.  two  or  three  months.  In  the  writer's  experiments  the  microorgan- 
isms which  first  developed  in  fragments  of  liver  preserved  in  an  an- 
tiseptic wrapping  were  certain  large  anaerobic  bacilli,  and  especially 
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my  Bacillus  cadaveris,  together  with  the  Bacillus  coli  communis 
of  Escherich,  my  Bacillus  hepaticus  f ortuitus,  and  other  non-lique- 
fying bacilli  of  the  "colon  group/' 

These  bacteria  did  not  give  rise  to  a  putrefactive  odor,  and  the 
fragment  of  liver  when  cut  into  had  a  fresh  appearance  and  a  very 
acid  reaction.    Later,  putrefactive  changes  occurred  and  Proteus 


Fio.  107.— Smear  preparation  from  liver  of  yellow-fever  cadaver,  kept  fortj-ei^  hoon  in  an 
antisepUe  wrappinjf.    x  1,000.   From  a  photomioroffraph.    OStembers.) 

vulgaris  and  other  putrefactive  bacteria  obtained  the  precedence. 
Evidently  all  of  these  species  must  have  been  present  in  the  liver  at 
the  time  it  was  removed  from  the  cadaver,  although  in  such  small 
numbers  that  they  were  rarely  seen  in  smear  preparations  or  ob- 
tained in  cultures  from  the  fresh  liver  tissue.  The  appearance  of  a 
smear  preparation  from  the  interior  of  a  fragment  preserved  for 
forty-eight  hours  in  an  antiseptic  wrapping  is  shown  in  Fig.  197. 

The  horribly  offensive  gases  which  are  given  off  from  dead  ani- 
mals in  a  state  of  putrefaction  appear  to  be  due  to  certain  large  an- 
aerobic bacilli  which  are  found  in  such  material, 
%  and  which  have  not  yet  been  thoroughly  studied 

^       owing  to  the  diflSculty  of  cultivating  them  in  arti- 

V^       ficial  media ;  among  them  is  a  larg^  bacillus  with 
^^         round  ends  which  forms  an  oval  spore  at  one  ex- 
^^^     ^    tremity  of  the  rather  long  rod.     This  the  writer 
%  ^^         has  described  imder  the  name  of  Bacillus  cada- 

Fia  IM.  ^^-Aa  grandis,  Fig.  198. 

In  the  interior  of  a  putrefying  mass  of  this  kind 
only  those  bacteria  axe  found  which  are  able  to  grow  in  the  absence 
of  oxygen,  but  aerobic  saprophytes  may  multiply  upon  the  surface  of 
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such  a  mass,  or  in  organic  liquids  to  which  the  air  has  free  access. 
Among  the  most  common  putrefactive  bacteria  are  the  Proteus  vul- 
garis, Proteiis  mirabilis,  and  Proteus  Zenkeri  of  Hauser.  Formerly 
the  minute  motile  bacteria  found  in  putrefying  animal  infusions,  etc., 
were  commonly  spoken  of  as  belonging  to  the  species  "  Bacterium 
termo/'  but  recent  researches  show  that  several  different  species  were 
included 'Under  this  name  by  those  whose  researches  were  made  be- 
fore the  introduction  of  Koch's  method  for  isolating  and  differentiat- 
ing microorganisms  of  this  class  by  the  use  of  soliJ  culture  media. 
The  different  species  of  Proteus  are  all  facultative  anaerobics.  They 
are  more  or  less  pathogenic,  and  according  to  Hauser  produce  a  chem- 
ical poison  which,  when  injected  into  small  animals,  causes  death  with 
aU  of  the  symptoms  of  putrid  intoxication.  The  bacillus  of  mouse 
septicemia,  which  was  first  obtained  by  Koch  from  a  putrefying  meat 
infusion,  is  also  pathogenic,  as  are  the  writer's  Bacillus  cadaveris 
and  various  other  anaerobic  bacteria  found  in  putrefying  material. 

Some  account  of  the  various  products  of  putrefaction  and  the 
microorganisms  concerned  in  their  production  will  be  found  in  Sec- 
tion IV.,  Part  Second,  of  the  present  volume. 
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BACTERIA  m  ARTICLES  OF  POOD. 

Milk  always  contains  bacteria,  unless  drawn  with  special  precau- 
tions into  a  sterilized  flask.  In  the  healthy  udder  of  the  cow  it  is 
sterile,  but  in  tuberculous  cows,  when  the  milk  glands  are  involved, 
tubercle  bacilli  may  find  their  way  into  the  milk  in  considerable 
numbers.  Ad  ordinarily  obtained  and  preserved,  milk  is  greatly  ex- 
posed to  bacterial  contamination  from  various  sources ;  desquamated 
cuticle  from  the  external  surface  of  the  udder  and  from  the  hands  of 
the  milker,  and  floating  particles  from  the  air  of  the  stable,  fall  into  it 
at  the  very  moment  it  is  drawn,  and  it  is  subsequently  contaminated 
by  bacteria  from  the  air,  and  from  water  used  in  washing  the  recep- 
tacles in  which  it  is  placed  or  added  to  it  by  the  thrifty  milkman. 
As  it  furnishes  an  excellent  nutrient  medium  for  many  of  the  bacteria 
which  are  thus  introduced  into  it,  under  favorable  conditions  of  tem- 
perature it*  quickly  undergoes  changes  due  to  the  multiplication  in  it 
of  one  or  more  of  these  microorganisms.  The  acid  fermentation  and 
coagulation  of  the  casein  which  so  constantly  occurs  is  completely 
prevented  by  sterilizing  fresh  milk  in  flasks  provided  with  a  close- 
fitting  cork  or  cotton  air  filter.  Numerous  researches  have  been 
made  with  reference  to  the  microorganisms  found  in  milk  and  the 
various  fermentations  to  which  they  give  rise.  Naturally  a  great 
variety  of  species  will  be  found  in  an  extended  research,  but  all  are 
accidentally  present,  and  only  those  demand  special  attention  which 
produce  the  various  fermentations  of  this  fluid  commonly  encoun- 
tered, or  which  have  special  pathogenic  properties. 

Several  different  bacteria  produce  an  acid  fermentation  and  con- 
sequent coagulation  of  milk,  but  the  usual  agent  in  producing  this 
fermentation  is  the  Bacillus  acidi  lactici,  which  is  identical  with  the 
'  *  ferment  lactique  "  of  Pasteur.  When  a  pure  culture  of  this  bcuallus 
is  introduced  into  sterilized  milk  kept  at  a  temperature  of  25°  to  30"^  C. , 
coagulation  occurs  in  from  fifteen  to  twenty-four  hours.  A  uniform, 
gelatinous  mass  is  produced  which  does  not  subsequently  become 
dissolved  (Adametz).  Various  other  bacteria  produce  a  similar 
change,  including  a  number  of  common  water  bacteria,  several  spe- 
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cies  of  sarcina.  Staphylococcus  pyogenes  aureus,  and  other  pus  cocci. 
Usually  coagulation  is  due  to  the  combined  action  of  several  bacteria, 
among  which  Bacillus  acidi  lactic!  is  apt  to  be  the  most  prominent. 

Other  bacteria  produce  coagulation  without  the  lactic  acid  fer- 
mentation. This  appears  to  be  due  to  the  formation  of  a  soluble 
ferment  which  acts  like  rennet,  causing  the  coagulation  of  milk 
which  has  a  neutral  or  slightly  alkaline  reaction.  The  coagu- 
lated casein  in  this  case  is  subsequently  redissolved.  The  bacteria 
which  produce  this  change  for  the  most  part  form  spores,  while  the 
lactic  acid  ferments  do  not,  K,  therefore,  milk  is  heated  nearly  to  the 
boiling  point  the  acid-forming  bacteria  will  be  destroyed  and  the 
spores  of  the  other  species  surviving  will  give  rise  to  coagulation 
without  the  production  of  lactic  acid.  Among  the  more  common 
microorganisms  of  this  group  are  the  Bacillus  butyricus  (Hue'ppe), 
Bacillus  mesentericus  vulgatus,  Loffler's  "  white  milk-bacillus/'  and 
the  bacilh  described  by  Duclaux  under  the  generic  name  of  Tjrrothrix. 

Other  fermentations  are  produced  by  certain  chromogenic  bacteria, 
and  these,  as  a  rule,  are  not  as  harmless  from  a  sanitary  point  of  view 
as  those  above  referred  to.  Blue  milk  is  produced  by  the  presence  of 
Bacillus  cyanogenus,  yellow  milk  by  Bacillus  synxanthus  (Schroter) 
and  by  a  species  obtained  by  List  from  the  faeces  of  a  sheep  and 
another  found  by  Adametz  in  cheese.  The  well-known  Bacillus 
prodigiosus  produces  its  characteristic  red  pigment  when  present  in 
milk,  and  a  bluish-red  color  is  caused  by  Bacterium  lactis  erythrogenes 
(Hueppe). 

Viscous  fermentation  in  milk  is  produced  by  several  different  bac- 
teria, among  others  by  a  micrococcus  studied  by  Schmidt-Muhlheim, 
and  a  short  bacillus  isolated  by  Adametz — Bacillus  lactis  viscosus. 
Milk  which  has  imdergone  this  change  is  imwholesome  as  food  ;  it 
is  recognized  by  the  long  filaments  which  are  produced  when  it  is 
touched  with  any  object  and  this  is  slowly  withdrawn. 

The  Caucasian  milk  ferment,  Bacillus  Caucasicus,  produces  a 
special  fermentation,  which  has  been  referred  to  in  Section  IV.,  Part 
Second  (page  132). 

Varioiis  pathogenic  bacteria  have  occasionally  been  found  in  milk 
in  addition  to  the  tubercle  bacillus  already  referred  to.  Thus  Adametz 
found  Staphylococcus  pyogenes  aureus  in  two  samples  which  had 
been  submitted  to  him  for  examination,  one  of  which  had  given  rise 
to  vomiting  and  diarrhoea.  Wyssokowitsch  cultivated  from  milk 
which  had  been  standing  some  time  a  pathogenic  bacillus,  named  by 
him  Bacillus  oxytocus  pemiciosus. 

The  special  microorganism  which  produces  the  poisonous  pto- 
maine called  by  Vaughan  tyrotoxicon  has  not  yet  been  isolated  ;  nor 
do  we  know  the  exact  cause  of  scarlet  fever,  although  there  is  evi- 
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dence  that  this  disease  has  been  spread  by  the  iise  of  contaminated 
milky  as  have  also  diphtheria  and  typhoid  fever,  which  diseases  are 
due  to  bacilli  now  well  known.  As  the  cholera  spirillum  grows 
readily  in  milk,  this  disease  could  no  doubt  also  be  transmitted  in  the 
same  way. 

Eecently  (1892)  Sedgwick  and  Batchelder  have  examined  a  large 
number  of  specimens  of  milk  obtained  in  Boston  and  vicinity,  for  the 
purpose  of  determining  the  number  of  bacteria  present.  They  found, 
as  an  average  of  several  trials,  that  milk  obtained  in  a  clean  stable, 
from  a  well-kept  cow,  by  milking  in  the  usual  way  into  a  sterilized 
bottle,  contained  530  bacteria  per  cubic  centimetre.  . "  When,  however, 
the  milkman  used  the  ordinary  milk  pail  of  flaring  form,  seated 
himself  with  more  or  less  disturbance  of  the  bedding,  and  vigorously 
shook  the  udder  over  the  pail  during  the  usual  process  of  milking," 
the  numbers  were  very  much  higher — on  an  average  30,500  per  cubic 
centimetre  immediately  after  milking.  The  average  of  fifteen  samples 
taken  from  the  tables  of  persons  Uving  in  the  suburbs  of  Boston  was 
69,143  per  cubic  centimetre.  The  average  of  fifty-seven  samples  of 
Boston  milk,  obtained  directly  from  the  milk  wagons  and  plated  at 
once,  was  2,355,500  per  cubic  centimetre.  The  average  of  sixteen 
samples  from  groceries  in  the  city  of  Boston  was  4,577,000  per  cubic 
centimetre. 

Prof.  Renk  foimd  in  the  milk  supply  of  Halle  from  6,000,000 
to  30,000,000  bacteria  per  cubic  centimetre — a  number  considerably 
exceeding  that  usually  found  in  the  sewage  of  American  cities  (Sedg- 
wick). 

In  fresh  butter  of  good  quality  but  few  microorganisms  are  found, 
but  in  "cheesy  butter '*  having  a  disagreeable  odor  Kreuger  has 
found  a  great  number  of  bacteria.  Among  these  the  most  numerous 
were  an  oval  coccus.  Micrococcus  acidi  lactici  (Kreuger),  a  slender 
bacillus  closely  resembUng,  and  possibly  identical  with,  the  Bacillus 
fluorescens,  and  the  Bacillus  acidi  lactici  of  Hueppe. 

Duclaux  (1887)  has  isolated  from  different  kinds  of  cheese  no 
less  than  eleven  different  species  of  bacteria,  which  he  beUeves  are 
concerned  in  the  "  ripening  process.''  Seven  of  these  are  aerobic  and 
four  anaerobic  species.  Adametz  (1889)  has  also  isolated  and  studied 
a  number  of  species  to  which  he  attributes  the  ripening  of  cheese. 

MeatSy  even  when  salted  and  smoked,  may  contain  Kving  patho- 
genic bacteria  which  were  present  prior  to  the  death  of  the  animal, 
and,  when  not  properly  preserved,  are  of  course  liable  to  be  invaded 
by  putrefactive  bacteria. 

The  researches  of  Foster  (1889)  show  that  the  typhoid  bacillus, 
the  pus  cocci,  the  tubercle  badllus,  and  the  bacillus  of  swine  plague 
resist  the  action  of  a  saturated  solution  of  salt  for  weeks  and  even  for 
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months;  and  the  same  observer  found  that  the  ordinary  processes  of 
salting  and  smoking  did  not  destroy  the  tubercle  bacillus  in  the  flesh 
of  a  cow  which  had  succumbed  to  tuberculosis.  Beu  has  made  cul- 
tures from  a  large  number  of  specimens  of  fresh,  salted,  and  smoked 
meats  and  fish,  with  the  general  result  that  the  fresh  and  salted  meats 
were  found  to  contain  a  limited  number  of  bacteria  of  various  species, 
and  that  smoking  for  several  days  did  not  insure  the  destruction  of 
these  microorganisms.  In  specimens  of  sausage  six  days'  smoking 
did  not  destroy  a  Uquef yrng  bacillus  which  was  present,  but  at  the 
end  of  six  weeks'  exposure  to  smoke  this  bacillus  no  longer  grew, 
while  a  non-hquef ying  bacillus  present  in  the  same  specimen  had  not 
been  destroyed.  Fourteen  days'  smoking  sufficed  to  destroy  all  the 
microSrganisms  in  a  specimen  of  bacon,  but  this  was  not  sufficient 
for  the  interior  portions  of  a  ham.  Among  the  bacteria  obtained  by 
Beu  from  smoked  meats  he  mentions  the  following :  Staphylococcus 
cereus  albus,  Proteus  vulgaris,  Staphylococcus  pyogenes  aureus.  Ba- 
cillus liquefadens  viridis,  etc.  The  number  of  colonies  which  de- 
veloped from  a  fragment,  the  size  of  a  mustard  seed  to  that  of  a  flax- 
seed, taken  from  the  interior  of  the  meats  examined,  was  usually 
small;  and  the  presence  of  a  few  scattered  bacteria  of  these  common 
species  has  no  significance  from  a  sanitary  point  of  view,  except  as 
showing  that  pathogenic  bacteria  may  survive  in  infected  meats  after 
they  have  been  exposed  to  the  usual  processes  of  salting  and  smoking. 

Petri,  in  experiments  upon  the  bacillus  of  swine  plague  (Schweine- 
rothlauf),  arrived  at  the  following  results : 

The  flesh  of  swine  which  died  of  this  disease  preserved  its  infec- 
tious properties  after  having  been  preserved  in  brine  for  several 
months,  and  the  same  flesh  salted  or  pickled  for  a  month  and  then 
smoked  for  fourteen  days  contained  the  rothlauf  bacillus  in  a  living 
and  unattenuated  condition.  At  the  end  of  three  months  virulent 
rothlauf  bacilli  were  still  obtained  from  a  smoked  ham,  but  they  were 
no  longer  found  at  the  end  of  six  months. 

Schrank  (1888)  has  made  cultures  from  both  the  albumin  and  the 
yolk  of  fresh  eggs,  and  finds  that  they  are  free  from  bacteria.  He 
thinks  that,  as  a  rule,  putrefactive  bacteria  obtain  access  to  the  inte- 
rior through  injured  places  in  the  shell,  although  exceptionally  the 
egg  may  be  infected  with  them  in  the  oviduct  of  the  fowl.  The  usual 
bacteria  concerned  in  the  putrefactive  changes  in  eggs  are,  according 
to  the  author  mentioned,  a  variety  of  Proteus  vulgaris  and  Bacillus 
fluorescens  putidus. 

Peters  (1889)  has  studied  the  flora  of  the  "sauerteig"  used  in 
Germany  as  yeast  for  leavening  bread.  In  addition  to  the  numerous 
cells  of  three  species  of  Saccharomyces,  he  finds  that  bacilli  are  present 
in  great  numbers,  as  shown  by  direct  microscopical  examination  and 
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culture  experiments.  He  describes  five  species,  desigiiated  Badllns 
A,  B,  C,  Dy  and  E,  which  are  commonly  present,  and  to  which  Ihe 
acid  fermentation  of  the  dough  is  ascribed. 

In  Graham  bread  which  had  undergone  changes  making  it  unfit 
to  eat,  Kratschmer  and  Niemilowicz  have  found  the  Bacillus  mesen- 
tericus  vulgatus,  which  appears  to  have  been  the  cause  of  the  fer- 
mentation, which  was  produced  in  bread  having  a  sUghtly  alkaline 
reaction  by  inoculating  it  with  a  pure  culture  of  this  bacillus.  The 
infected  bread  has  a  brownish  color,  a  peculiar  odor,  and  becomes 
sticky  and  viscid. 

Uffelmann  (1890)  has  also  studied  the  bacteria  in  spoiled  rye  bread, 
and  obtained,  in  addition  to  conunon  mould  fungi.  Bacillus  meaente- 
ricus  vulgaris  and  Bacillus  liodermus. 

Bemheim  (1888)  has  examined  various  grains  used  as  food,  with 
reference  to  the  presence  of  bacteria,  and  claims  to  have  demon- 
strated their  presence  by  staining  thin  sections,  and  also  by  cultures, 
in  com,  wheat,  rye,  barley,  and  peas.  He  supposes  that  they  find 
their  way  from  the  earth  through  the  roots  and  stems  of  plants. 
This  appears  to  be  very  doubtful,  in  view  of  the  researches  of  other 
observers,  and  further  researches  are  necessary  before  we  can  accept 
the  fact  as  demonstrated  that  they  are  usually  present  in  healthy 
kernels  of  the  grains  mentioned. 
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NON-PATHOGENIC  MICROCOCCI. 

Many  of  the  saprophytic  micrococci  and  bacilli  have  already  been 
described  in  the  sections  devoted  to  pathogenic  bacteria  (Part  Third). 
We  propose  at  present  to  give  an  account  of  the  morphological  and 
biolc^cal  characters  which  distinguish  those  microorganisms  which 
have  not  been  shown  to  possess  pathogenic  power.  But  it  must  be  re- 
membered that  in  many  instances  the  bacteria  described  in  this  and 
the  following  sections  have  not  been  tested  at  all,  or  only  very  im- 
perfectly tested,  with  reference  to  this  point ;  and  no  doubt  some  of 
them,  if  tested  upon  the  various  animals  usually  employed  in  experi- 
ments of  this  kind,  would  prove  to  be  more  or  less  pathogenic.  On 
the  other  hand,  many  of  the  saprophytes  heretofore  described  as 
pathogenic  only  produce  marked  morbid  phenomena  in  susceptible 
animals  when  tiiey  are  injected  beneath  the  skin,  into  a  serous  cavity, 
or  into  the  circulation  in  considerable  quantities.  The  experiments 
of  Buchner  show  that  very  many  of  the  common  saprophytes  usually 
classed  as  non-pathogenic  give  rise  to  a  local  abscess  when  sterilized 
cultures  are  injected  subcutaneously  into  rabbits  or  guinea-pigs.  In 
short,  there  is  no  well-defined  dividing  line  between  the  pathogenic 
and  non-pathogenic  bacteria,  and  some  of  those  now  described  as 
non-path(^enic,  as  the  result  of  more  extended  experiments,  will  no 
doubt  eventually  be  transferred  to  the  list  of  pathogenic  bacteria. 

159.   MICROCOCCUS  FLAVUS  LIQUKPACIENS   (Flugge). 

Found  in  the  air  and  in  water. 

Morpholoqy. ^Tolerably  large  micrococci,  in  pairs  or  in  irregular  groups. 

Biotogiccu  Characters, — Anaerobic,  liquefying,  chromogenic  micrococ- 
cus. Grows  in  the  usual  culture  media  at  tne  room  temperature.  Upon 
gelatin  plates  formB  small,  yellow  colonies,  which  under  a  low  power  are 
seen  to  be  spherical  or  ovaJ,  with  a  finely  granular  surface  and  a  yellowish- 
brown  color;  lines  radiate  from  the  centre  through  a  zone  of  transparent 
liquefied  f;elatin  to  the  sharply  defined  border,  ana  later  the  colonies,  which 
have  a  diameter  of  four  to  six  millimetres,  resemble  a  wagon  wheel.  In 
gelatin  stick  cultures  smooth,  spherical,  yellow  colonies  form  upon  the  sur- 
face; these  become  confluent  and  form  a  yellow  laver,  which  oy  the  slow 
liouefaction  of  the  eelatin  becomes  depr^sed;  at  the  end  of  five  days  the 
ireiatin  is  liquefiea  to  a  depth  of  about  two  millimetres  and  a  yellowish, 
ilocculent  deposit  is  seen  at  the  bottom  of  the  yellowish- white  fiuid.  Upon 
potato  a  deep-yellow  layer  with  irregular  margins  is  quickly  developed. 
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160.    MICROCOCCUS  FLAVU8   DKSIDENS   (Flugge). 

Found  in  air  and  water. 

M(yrphology, — Small  micrococci,  usually  in  pairs,  but  sometimes  seen  in 
groui)s  of  three  or  in  short  chains. 

Biological  Characters, — An  aerobic,  liquefying,  chromogenic  micro- 
coccus. Grows  slowly  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  the  deep  colonies  appear  as  white  or  yellow  points; 
under  a  low  power  they  are  seen  as  oval,  yellowish-brown,  finely  granular 
discs.  The  superficial  colonies  are  circular,  with  irregular  margins,  and  are 
not  elevated  aoove  the  level  of  the  gelatin ;  by  the  fourth  day  they  may 
attain  a  diameter  of  five  to  ten  millimetres;  they  have  a  brownish-yellow 
color  ;  the  gelatin  is  gradually  liquefied,  and  the  colony  which  sinks  below 
the  surface  is  surrounded  by  a  ring  of  liquefied  gelatin  from  one  to  four 
millimetres  broad.  In  gelatin  stick  cultures  a  slimv,  yellowish-brown  layer 
of  limited  extent  is  formed  upon  the  surface,  and  a  confiuent,  porcelain- 
white  mass  along  the  line  of  puncture ;  at  the  end  of  eight  days  liquefac- 
tion has  occurred  under  the  superficial  layer  to  a  depth  of  three  to  four  mil- 
limetres, forming  a  cylinder  filled  with  a  thick  fluid,  to  the  bottom  of  which 
the  surface  growth  gradually  sinks.  Upon  potato  a  slimy,  yellowish-brown 
layer  with  irregular  outlined  is  slowly  developed. 

161.  MICROCOCCUS  AGiLis  (Ali-Cohen). 

Found  in  water. 

Morphology. — Micrococci,  one  m  in  diameter,  usually  in  pairs,  oc- 
casionally in  tetrads  or  in  chains;  have  extremely  slender  flagella,  which 
ai*e  four  to  five  m  in  length. 

Biological  Characters. — An  aerobic,  liquefying  (very  slowly),  motile, 
chromogenic  micrococcus.  Grows  at  the  room  temperature  in  the  usual  cul- 
ture media — ^not  in  the  incubator  at  ST"*  C.  This  micrococcus  isdistin^^shed 
by  its  active  movements  and  by  the  presence  of  a  longfiagellum.  which  may 
be  demonstrated  by  Loffler's  method  of  staining.  In  gelatin  stick  cultures 
growth  occurs  along  the  line  of  inoculation,  ana  liquefaction  commences  at 
the  end  of  three  to  S>ur  weeks;  sometimes  only  a  dry,  funnel-shaped  cavity 
is  formed^    Upon  a^ar  and  upon  potato  a  pink  layer  is  slowly  developed. 

162.  MICROCOCCUS  Fuscus  (Maschek). 

Found  in  water. 

Morphology. — Micrococci,  which  are  often  elliptical,  or  even  in  the  form 
of  short  rods  (bacilli  ?). 

Biological  Characters. — AnaJerdbic,  liquefying^  chromogenic  micrococ- 
cus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  forms  spherical  colonies  which  under  a  low  power  present  the 
api>earance  of  being  finely  cleft  and  vary  in  color  from  pale-brown  to  black; 
liquefaction  quickly  occurs.  In  gelatin  stick  cultures  but  scanty  growth 
occurs  along  the  line  of  puncture;  upon  the  surface  a  sepia-brown  layer  is 
formed  and  the  gelatin  is  quickly  liquefied.  Gelatin  cultures  have  a  strong 
putrefactive  odor.  JJpon  potato  a  slimy,  brown  layer  is  formed,  which  be- 
comes almost  black. 

163.    DIPLOCOCCUS  CITREUS  CONGLOMERATUS  (Bumm). 

Obtained  from  gonorrhoeal  pus  and  from  the  air— in  dust. 

Morphology. — Diplococci,  consisting  of  two  hemispherical  elements  sepa- 
rated by  a  narrow  cleft,  and  closely  resembling  the  Micrococcus  gonorrhoeae; 
about  1 . 5  >u  in  diameter ;  frequently  in  tetrads,  usually  united  in  conglomerate 
masses. 

Biological  Characters.— An  aerobic  ajid  facultative  anaerobic,  liquefy- 
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ing,  chronnogenic  micrococcus.  Grows  in  the  usual  culture  media  at  the 
room  temperature.  Upon  gelatin  plates  forms  lemon-vello  w  colonies,  which 
throw  out  tongue-like  projections  upon  the  surface  of  the  gelatin  and  have 
wave-like  margins;  the  surface  is  at  fii*st  moist  and  shining,  later  cleft  and 
scaly  In  gelatin  stick  cultures  development  occurs  along  the  line  of  punc- 
ture and  on  the  surface;  liquefaction,  biesinniug  near  the  surface,  progresses 
slowly ;  a  yellowish  layer  floats  upon  the  surface,  and  later  settles  to  the 
bottom  of  the  tube. 

164.    DIPLOCOCCUS  CITREUS   LIQUEFACIENS   (Unna). 

Found  on  the  skin  of  persons  suffering  from  eczema  seborrhoeicum. 

Morphology, — Small,  oval  cocci,  in  pairs  or  in  tetrads,  often  in  irregular 
groups  or  in  short  chains  ;  the  diameter  of  a  single  element  in  a  pair  is 
from  0.4  to  0.1  >«. 

Biological  Characters. — ^An  aerobic,  liquefying^  chromogenic  micrococ- 
cus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin jplates,  at  the  end  of  four  days,  the  superficial  colonies  are  grayish- 
white,  flat,  circular  discs  the  size  of  a  mustard  seed ;  at  the  end  of  eignt  days 
they  are  grayish-yellow,  opaque,  and  about  one  to  two  millimetres  in  dia- 
meter; at  the  end  of  two  weeks  they  are  lemon-yellow,  concave,  and  begm 
to  sink  into  a  shallow  funnel  of  liquefied  gelatin  ;  under  a  low  power  they 
are  seen  to  be  finely  granular.  The  deep  colonies  appear  at  first  as  white 
points ;  under  the  microscope  they  are  seen  to  be  spherical  or  oval,  brownish- 
yellow,  and  have  sharply  defined  outlines*  In  gelatin  stick  cultures^  at  the 
end  of  six  days,  a  thin,  shining,  yellowish  layer  has  formed  on  the  surface ; 
at  the  end  of  two  weeks  the  ^latin  is  softened  and  a  thick,  yellowish- white, 
flocculent  deposit  is  seen,  while  upon  the  surface  of  the  liquefied  medium 
is  an  irregular,  plate-shaped,  deep  lemon-yellow  laver;  at  the  end  of  three 
weeks  the  liquefaction  has  extended  to  a  depth  of  about  six  millimetres ;  the 
liquefied  gelatin  is  opaque  and  of  a  yellow  color.  Upon  the  surface  of  agar 
a  yellowish-brown  layer  with  irregular  margins  is  quickly  developed ;  upon 
potato^  at  the  end  of  two  weeks,  a  grayish-yellow  layer. 

165.    DIPLOCOCCUS  FLAVUS  LIQUEFACIENS  TARDUS   (Unna). 

Found  upon  the  skin  of  individuals  suffering  from  eczema  seborrhoeicum. 

Morphology. — Biscuit-formed  diplococci,  resembling  the  *  *  gonococcus" ; 
each  element  in  a  pair  is  from  0.5  to  0.8  /^  in  diameter. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing^  chromogenic  micrococcus.  Grows  in  the  usual  culture  media  at  the 
room  temperature — ^very  slowly  upon  gelatin  and  potato,  more  rapidly  on 
agar.  Upon  qelatin  plates,  at  the  end  of  eight  days,  the  superficial  colonies 
are  very  small,  circular,  shining,  pale  grayish-yellow  discs ;  at  the  end  of 
three  weeks  they  are  as  large  as  a  nempseed  and  of  a  chrome-yellow  color; 
later  they  become  greenish-yellow  and  fioat  in  a  circular  zone  of  transparent, 
liquefied  gelatin.  The  deep  colonies  are  at  first  punctiform ;  later  they  are 
small,  opaque  spheres  of  an  olive  brownish-yellow  color.  In  gelatin  stick 
cultures  a  tnin,  yellowish-white,  slimy  layer  is  slowly  developed  upon  the 
surface ;  at  the  end  of  three  weeks  this  is  from  three  to  four  millimetres 
in  diameter  and  irregular  in  outline;  as  it  becomes  older  the  color  is  dark- 
yellow  or  greenish-yellow;  a  thin,  yellowish  growth  develops  along  the  line 
of  puncture ;  at  the  end  of  four  weeks  the  surface  is  depressed  without  being 
really  liquefied;  in  eight  weeks  about  half  of  the  gelatin  in  the  tube  is  lique- 
fied and  transparent.  The  surface  growth  first  floats  upon  the  liquefied  me- 
dium ;  later  it  settles  to  the  bottom  as  a  thick,  fiocculent,  yellow  deposit, 
and  the  ^latin  acquires  a  yellow  color.  Upon  the  surface  of  a^far  a  tnick, 
slimy,  yellowish  wnite  layer  with  wavy  margins  is  developed ;  later  this  has 
a  greenish-yellow  color.     Upon  potato  a  sulphur-yellow  layer  is  formed. 


Digitized  by  CjOOQIC 


590  NON-PATHOGENIC  MICROCOCCI. 

166.   DIPLOCOCCUS  FLUORESCBNS  FCETIDUS  (Klamann). 

Obtained  from  the  posterior  nares. 

Morphology. — Diplococci,  about  1.4  n  in  diameter  (the  pair),  often  ar- 
ranged in  chains  containing  from  six  to  ten  elements. 

Biological  Characters, — An  oMrobic  and  faciUtative  anaerobic,  liquefy- 
ing, chromogenic  micrococcus.  Grows  in  the  usual  culture  media  at  the 
room  temperature — better  at  37"  C.  Upon  gelatin  plates  the  superficial 
colonies  are  at  first  eray  or  brownish  circular  masses,  which  soon  sink  be- 
low the  surface  of  me  liquefying  gelatin  and  later  form  a  crater-like  de- 
pression, in  the  centre  of  which  is  seen  a  brownish-gray  sediment,  while 
the  surrounding  gelatin  has  a  grass-green  or  violet  color.  In  gelatin  stick 
cultures  a  circular,  shallow,  pale-gray,  saucer-shaped  cavity  forms  at  the 
surface,  and  a  purse-like  pouch  along  the  line  of  puncture  ;  a  shining,  iri- 
descent film  floats  upon  the  surface  of  the  liquefied  gelatin,  and  a  greenish- 
gray  sediment  accumulates  at  the  bottom  ;  finally  the  ^latin  is  completely 
nquefied  and  has  a  green  color  above,  while  a  violet-colored  film  floats  upon 
the  surface.  Upon  agar  a  graaular,  brownish-gray  layer  is  quickly  devel- 
oped. Upon  potato  a  finely  granular  layer,  which  jrfter  a  time  acquires  a 
dark,  bluish-green  color,  wnile  the  potato  around  it  is  colored  blue.  The 
color  is  changed  to  red  by  acids. 

167.  DIPLOCOCCUS  LUTEUS  (Adametz). 

Found  in  water. 

Morphology. — Micrococci,  usually  in  pairs,  of  1.2  to  1.3  M  in  diameter  ; 
sometimes  observed  in  chains  of  eight  to  ten  elements  or  in  irr^^lar  groups. 

Biological  Characters. — An  aerobic,  liquefying,  motile,  chromogenic 
micrococcus.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
This  micrococcus  is  described  by  Adametz  as  axitively  motile.  Upon  ^xitin 
plates,  at  the  end  of  three  days,  circular,  pale-yellow,  viscous  colonies  are 
developed,  which  have  a  diameter  of  about  one  millimetre.  Under  a  low 
power  they  are  seen  to  be  granular  and  brownish-yellow  in  the  centre,  while 
the  mar^ns  are  pale-yellow ;  at  the  end  of  six  days  the  colonies  are  of  an  in- 
tense yellow  color  and  about  three  millimetres  in  diameter.  In  gelatin 
stick  cultures  growth  occurs  rapidly  upon  the  surface  only,  at  first  as  a  cir- 
cular, lemon-yellow  la^er  marked  with  concentric  circles;  at  the  end  of 
about  ten  days  the  gelatin  at  the  surface  acquires  an  intense  brownish-red 
color,  which  extends  downward  in  a  cloud -like  manner,  eraduallv  dimin- 
ishing in  intensity  ;  liquefaction  commences  at  the  end  of  several  weeks. 
Upon  the  surface  of  agar  a  viscid  yellow  layer  is  formed  along  the  impf- 
strich,  and  the  medium  acquires  a  brownish-red  color.  Upon  ooSxto  a  dirty- 
yellow  layer,  which  subsequently  has  a  brownish  color,  is  developed ;  this 
^ves  off  the  characteristic  odor  of  penicillum  cultures.  In  milk  coagula- 
tion of  the  casein  is  produced  in  about  five  days. 

168.  DIPLOCOCCUS  ROSEUS  (Bumm). 

Found  in  the  air. 

Morphology.— Diplococci  resembling  the  **  gonococcus,"  the  elements  of 
a  pair  oeing  hemispherical  and  separated  by  a  tolerably  broad  cleft;  the 
diameter,  measured  from  pole  to  pole,  is  from  1  to  1.5  /<. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing, chromogenic  micrococcus.  Grows  in  nutrient  ^latin  at  the  room 
temperature.  Upon  gelatin  plates  slightly  elevated,  pink  colonies  are  de- 
veloned,  which  under  the  microscope  are  seen  to  be  finely  granular  and  ir- 
regular in  outline.  In  gelatin  stick  cultures  an  abundant  development  oc- 
curs upon  the  sui^ace  and  along  the  line  of  puncture;  this  has  a  pmk  color; 
the  gelatin  is  slowly  liquefied  after  a  considerable  time. 
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169.  MICROCOCCUS  CREMOIDKS  (Zimmermann). 

Found  in  water. 

Morphology, — ^Micrococci,  about  0.8/<  in  diameter,  arranged  in  grape-like 


Biological  Characters, — An  asrdbic,  liquefying,  chromogenic  micrococ- 
cus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  the  deep  colonies  are  small  and  yellowish-white  in  color; 
under  a  low  jwwer  they  are  seen  to  be  spherical,  granular,  and  yellow  or 
brownish-gray.  Supemcial  colonies  have  an  irregSar,  ** gnawed"  margin, 
and  cause  a  saucer-like  liquefaction  of  the  gelatin,  at  the  bottom  of  which  a 
yellowish- white  mass,  arranged  in  concentric  rinsfs,  may  be  seen ;  around 
the  margin  delicate  outgrowths  into  the  unliquefied  gelatin  may  be  seen .  In 
gelatin  stick  cultures  liquefaction  occurs  along  the  fine  of  puncture  in  three 
or  four  days;  an  air  bubble  is  usually  seen  near  the  surface,  and  below  this 
an  accumulation  of  a  yellowish-white  color;  the  liquefied  gelatin  below  this 
is  transparent  for  some  distance,  and  tiie  bottom  of  the  narrow  channel  is 
again  filled  with  a  yellowish-white  mass  of  micrococci ;  at  the  end  of  a  week 
the  fiquefied  channel  measures  about  eleven  miUimetres  at  the  surface  and 
a  yellowish- white  film  floats  upon  the  liquefied  gelatin.  Upon  the  surface  of 
agar  a  yellowish-white  layer  with  irregular  margins  and  a  lustre  like  that 
of  amb^  is  developed.  xSyon  potato  a  tolerably  abundant,  cream-colored 
layer  extends  over  the  surface. 

170.  MICROCOCCUS  ROSEUS  (Eisenberg). 

Found  in  sputum  of  a  patient  with  influenza. 

Morphology. — Micrococci  of  0.8  to  1  ><  in  diameter,  solitary  or  in  irregular 
grouiw. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  lique- 
fying, chromogenic  micrococcus.  Grows  in  the  usual  culture  media  at  the 
room  temperature,  and  at  ST**  C.  without  production  of  color.  Upon  gelatin 
plates,  at  the  end  of  three  to  four  days,  minute  pink  colonies  are  formed ; 
later  liquefaction  commences  about  the  colonies  and  progresses  slowly.  In 
gelatin  stick  cultures  development  occurs  slowly  both  upon  the  surface  and 
along  the  fine  of  punctui-e;  the  growth  is  at  nrst  colorless;  after  three  to 
four  days  a  small,  round,  pink  layer  is  formed,  which  is  depr^sed  in  the 
centre ;  at  the  end  of  a  week  the  color  i-esembles  that  of  a  red  azalea  blossom, 
and  liquefaction  commences;  at  the  end  of  three  weeks  the  gelatin  is  about 
half -liquefied  and  a  pink  sediment  is  seen.  Upon  the  surface  of  agar,  at 
the  room  temperature,  a  soft,  dark-pink  layer  is  formed  along  the  impf strich 
in  two  days;  at  37**  C.  a  similar  development  occurs  in  twenty-four  hours, 
but  without  color.  Upon  potato,  at  the  end  of  three  to  four  days,  a  cherry- 
red  streak  is  seen  along  the  impf  strich ;  this  gradually  becomes  darker  and 
covers  the  entire  surface;  the  growth  then  resembles  that  of  Bacillus  pro- 
digiosus. 

171.   MICROCOCCUS  AURANTIACUS  (Cohn). 

Found  in  water. 

Morphology.— Spherical  or  sfightly  oval  cocci,  1.3  to  1.5/4  in  diameter, 
sofitary,  in  pairs,  or  in  irregular  groups. 

Biological  Chaixu^ters. — An  aerobic,  non-liquefying,  chromogenic  mi- 
crococcus.  Q-rows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  vlates  spherical  or  elliptical  colonies  of  an  oran^-yelfow  color 
and  smooth,  snininff  surface.  In  gelatin  stick  cultures  a  smsQl,  button-like, 
yellow  growth  dev^ops  ui>on  the  suif ace,  and  after  a  considerable  time  mi- 
nute yellow  colonies  are  seen  along  the  line  of  puncture.  Upon  a{far  an 
orange-yellow  layer  is  formed,  and  upon  potato  a  slimy,  yellow  growth, 
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172.    MICROCOCCUS  CBRASINXrS  SICCUS  (List). 

Found  in  water. 

Morphology, — ^Micrococci,  from  0.25  to  0.32 /<  in  diameter,  solitary  or  in 
pairs. 

Biological  Characters. — An  aerobic,  non-liquefying,  chramogenic  mi- 
crococcus. Grows  best  at  37^  C.  Does  not  grow  well  in  nutrient  gelatin. 
Upon  the  surface  of  agar  a  dry.  cherry-rwl  layer  is  quickly  developed. 
Upon  potato  the  surface  is  quickly  covered  with  a  cherrjr-red  layer.  The 
pi^ent  is  not  soluble  in  water,  alcohol,  or  ether,  and  is  not  changed  bj 
acids  or  alkalies. 

173.   MICROCOCCUS  VERSICOLOR  (Flugge). 

Found  in  water. 

Morphology. — ^Micrococci,  in  pairs  or  in  irregular  groups. 

BiotogtcaJt  Characters. — Anaerobic,  non-liquefying,  CAramogpsnic micro- 
coccus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  the  deep  colonies  are  at  first  white  points;  later  yellow, 
opatjue,  finely  granular  spheres.  The  superficial  colonies  are  irregular  in 
outline,  slimy,  and  have  a  pearly  lustre;  tney  may  attain  a  diameter  of  two 
to  ten  millimetres.  In  gelatin  stick  cultures  small,  spherical,  yellow  colonies 
develop  along  the  line  of  puncture,  and  a  layer  with  irregular,  "  gnawed  " 
maj^ns  and  a  pearly  lustre  upon  the  surface.  Upon  agar  a  slimy,  opaque 
layer  of  a  yellowish-brown  color.  Upon  potato  a  slimy  layer  is  quickly  de- 
veloped. 

174.    MICROCOCCUS  OP  DANTEC, 

Obtained  by  Dantec  (1891)  from  salted  codfish  which  had  undergone 
changes  characterized  by  a  red  color  and  an  offensive  odor. 

Morphology. — Micrococci,  from  three  to  five  /i  in  diameter,  often  marked 
by  a  line  of  commencing  binary  division. 

Biological  Charax^ters. — ^An  aerobic,  non-liquefying,  cAroTnooenic  micro- 
coccus. Forms  a  red  pigment  In  gelatin  pUUes  sniuBdl,  disc-snaped  colo- 
nies of  a  red  color  are  slowly  developed ;  these  rarely  measure  more  than  a 
millimetre  in  diameter.  In  gelatin  stick  cultures  development  is  slow ; 
along  the  line  of  puncture  the  growth  has  a  yellowish  color;  on  the  surface 
it  is  of  a  pale-red,  and  later  of  deeper-red  color.  Upon  agar  the  development 
is  more  rapid  than  upon  gelatin.  It  grows  upon  aried  codfish  without  pro- 
duction of  piraient,  except  when  it  is  associate  with  other  microorgamsms— 
especially  a  nquef ying  coccus  which  is  often  found  with  it. 

Not  pathogenic. 

175.  MICROCOCCUS  CARNBUS  (Zimmermann). 

Found  in  water. 

Morphology. — Micrococci,  having  a  diameter  of  about  0.8  /<,  united  in 
irregular,  ^rape-like  masses. 

Biological  Characters. — An  aSrdbic,  non-liquefying,  chramogenic  mi- 
crococcus. Grows  best  at  the  room  temperature  ;  very  scanty  develop- 
ment at  30"  to  33''  O.  Upon  gelatin  pUues  the  deep  colonies  are  small, 
spherical,  and  grayish- white  in  color.  Superficial  colonies  are  but  s%htly 
elevated,  circular  m  outline,  and  of  a  grayish-red  to  pale-red  color  ;  under 
the  microscope  they  are  seen  as  circular  discs  with  a  more  opaque,  reddish- 
gray  centre  surrounded  by  a  somewhat  more  transparent  zone,  and  this  by 
a  second,  still  paler  zone;  in  older  cultures  the  distinct  zones  are  no  longer 
to  be  distinguished,  but  the  reddish-brown  color  fades  out  from  the  centre 
towards  the  margin  of  the  colonies.  In  gelatin  stick  cultures,  at  the  end  of 
five  days,  a  thin,  circular,  pale-pink  layer,  with  irregular  outlines  and  about 
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3.5  millimetres  in  diameter,  is  developed  upon  the  surface,  and  a  finely 
granular,  white  growth  along  the  line  of  puncture.  Upon  the  surface  of 
gekUin  a  flesh-red  layer,  which  later  acquires  a  violet  hue,  is  formed  alon^ 
the  impfstrich.  Upon  agar  the  growth  is  similar  hut  more  abundant,  and 
the  margins  are  coarsely  toothed.  Upon  potato  an  abundant  red  layer  is  de- 
veloped. 

176.  MICROCOCCUS  CINNABAREUS  (Flugge). 

Found  in  air  and  in  water. 

Morphology, — Large,  spherical  cocci,  frequently  associated  in  pairs  or  in 
tetrads. 

Biological  Characters. — ^An  aerobic,  nonliqiLefying,  chromogenic  mi- 
crococcus. Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  the  deep  colonies  are  first  seen  as  minute  points  at  the 
end  of  four  days;  under  a  low  power  they  are  seen  to  be  oval  or  lenticular, 
with  a  well-defined  contour  and  of  a  dark  reddish-brown  color.  The  super- 
ficial colonies,  at  the  end  of  four  da^,  are  from  0.5  to  1  millimetre  in  dia- 
meter and  brick-red ;  at  the  end  of  eight  days  they  project  from  the  gelatin  in 
button-shape  and  are  cinnabar-red.  In  gelatin  stick  cultures  isolated  white 
colonies  are  seen  along  the  line  of  puncture  at  the  end  of  four  to  five  days, 
and  upon  the  surface  a  button-like  mass  of  moderate  dimensions  is  de- 
veloped, which  is  first  pink  and  later  cinnabar-red.  Upon  potato  a  cinnabar- 
red  layer  is  slowly  developed. 

177.  MICROCOCCUS  CEREus  ALBUS  (Passet). 

Obtained  by  Passet  (1885)  in  the  pus  of  acute  abscesses  (two  cases  out  of 
thirty-three  examined),  and  by  Tils  (1890)  from  the  Freiburg  water  supply. 

Morphology. — Large  cocci,  1.16  >u  in  diameter,  solitary  or  associatea  m 
irregular  groups. 

Biological  Characters. — An  aerobic,  non-liquefying  micrococcus. 
Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin 
tdaies  forms  superficial  colonies,  which  attain  a  diameter  of  one  to  two  mil- 
limetres and  resemble  drops  of  stearin  or  white  wax.  In  gelatin  stick  cul- 
tures grows  upon  the. surf  ace  as  a  grayish- white  layer  with  irregular,  thick- 
ened margins,  resembling  a  drop  of  stearin;  scanty  growth  along  the  line  of 
puncture.  Upon  potato  a  dirty-white  layer  of  moderate  thickness  is  de- 
veloped. 

178.  MICROCOCCUS  CERKUS  FLAVus  (Passet). 

Obtained  by  Passet  (1885),  in  a  single  case  out  of  thirty- three  examined, 
from  tiie  pus  of  an  acute  abscess. 

Morphology. — Micrococci  of  irregular  dimensions,  associated  in  irregular 
groups  and  occasionally  in  chains. 

Biological  Characters. — An  aerobic,  non-liquefying,  chromogenic  micro- 
coccus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  lemon-yellow  colonies  are  developed,  which  attain  a  diameter 
of  one  to  two  millimetres.  In  gelatin  stick  cultures  the.  growth  around  the 
point  of  inoculation  resembles  a  drop  of  stearin  or  wax  with  elevated  mar- 
gins and  has  a  yellow  color;  a  scanty  yellow  streak  is  developed  along  the 
line  of  puncture.    Upon  potato  a  citron-yellow  layer  is  formed. 

179.    MICROCOCCUS  CITREUS. 

Synonym. — CrSmefarbiger  micrococcus  (List). 
Found  in  water. 

Morphology. — ^Lar^e,  spherical  cocci,  from  1.5  to  2.2  /<  in  diameter,  soli- 
ary,  in  pairs,  or  in  chains  of  eight  or  more  elements. 

Biological  Characters. — An  aerobic,  non-liquefying^  chromogenic  micro- 
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COCCUS.  Grows  in  the  usual  culture  media  at  the  room  temperature— better 
at  37*  C.  Upon  gelatin  plates  forms  upon  the  surface  dirty  pale-yellow  or 
cream-colored  colonies,  which  after  several  days  have  a  diameter  of  0.5  to 
0.8  centimetre  and  are  about  0.5  millimetre  thick:  these  have  usually  irre- 
gular outlines  and  a  moist,  shininfip  appearance.  In  gelatin  stick  cultures 
verv  scanty  gpx>wth  occurs  along  me  Ime  of  puncture.  Upon  agar  a  pale- 
yellow  layer  is  formed.  Upon  potato^  at  37"  C.,  an  abundant  growth  occurs, 
forming  a  yellow  layer. 

180.  MICROCOCCUS  FERViDOSUS  (Adametz). 

Found  in  water. 

Morphology.— ^maM^  round  cocci,  0.6  /<  in  diameter,  in  pairs  or  in  ir- 
regular groups. 

Biological  Cfiaracters. — An  d&robic,  non4iquefyina  micrococcus.  Grows 
in  the  usual  media  at  the  room  temperature.  Upon  gelatin  plates,  at  the  end 
of  four  to  five  days,  the  deep  colonies  appear  as  white  points,  which  under  a 
low  power  have  a  pale-yellow  color  ana  resemble  dewdrops;  upon  the  sur- 
face transparent,  yellow  colonies  with  irregular,  jagged  edges  are  devel- 
oped ;  later  these  are  granular  in  the  cen^  and  mive  a  brownish  color, 
while  the  marginal  zone  is  yellowish  and  slightly  wrinkled.  In  gelatin 
stick  cultures  a  thin,  circular  layer  with  finely  toothed  margins  forms  upon 
the  surface,  and  a  granular  growth  along  the  line  of  puncture.  In  glycerin- 
gelatin  numerous  gas  bubbles  of  various  sizes  are  developed  in  the  medium. 
Upon  agar  a  circular,  milk-white,  slimjr  layer  is  formed,  which  later  has  a 
pearly  lustre.    Upon  potato  a  dirty-white  layer  with  irregular  margins. 

181.   MICROCOCCUS  PLAVUS  TARDIGRADUS   (Flugge). 

jFound  in  the  air  and  in  water. 

Morphology. — ^Large,  spherical  cocci,  usually  associated  in  irregular 
groups ;  sometimes  have  peculiar  dark  poles. 

Biological  Characters. — ^An  oMrdtnCy  non-liquefying,  chromogenic  mi- 
crococcus. Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  the  deep  colonies  are  spherical  or  oval,  dark  chrome- 
yellow,  and  fix>m  0.4  to  0.6  millimetre  in  diameter;  under  a  low  power 
they  appear  to  have  a  dark  olive-green  color.  The  superficial  colonies  are 
from  0.5  to  1  millimetre  in  diameter,  have  a  smooth,  varnished-looking  sur- 
face, and  are  slightly  elevated  above  the  surface  of  the  gelatin  at  the  mid- 
dle ;  under  a  low  power  the  centre  is  grayish-yellow  and  the  margin  paler. 
In  gelatin  stick  cultures^  at  the  end  of  eight  days,  a  row  of  small,  spherical, 
isolated  yellow  colonies  is  developed  along  the  line  of  puncture. 

182.   MICROCOCCUS  LUTEUS  (Cohn). 

Found  in  water. 

Morphology.— Oy91  cocci,  from  1  to  1.2  /<  in  diameter,  associated  in  zo- 
oglcBa  masses  ;  the  intercellular  substance  is  easily  soluble  in  water. 

Biological  Characters. — ^An  aerobic,  non-liquefying,  chromogenic  mi- 
crococcus. The  yellow  pigment  produced  is  not  soluble  in  water,  ether,  or 
alcohol,  and  is  not  chang^  by  acids  or  alkalies.  Grows  in  the  usual  cul- 
ture media  at  the  room  temperature.  Upon  gelatin  plates  sulphur-yellow, 
superficial  colonies  are  developed,  which  have  irregular  outlines  and  may 
attain  a  diameter  of  4  millimetres  and  a  thickness  of  0.5  millimetre;  under 
a  low  power  t^ey  are  seen  to  be  granular.  In  geUxtin  stick  cultures  a  yel- 
low layer  forms  about  the  point  of  puncture  and  a  granular  growth  along 
the  line  of  inoculation.  Upon  <igar  a  yellow,  slimy  layer.  Upon  potaio  an 
intensely  yellow  layer  with  irregular  margins,  whicn  after  a  time  has  a 
wrinkled  surf  aoe. 
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183.  MICROCOCCUS  VIOLACBUS  (Cohn). 

Found  in  water. 

Morpholoqy. — ^Elliptical  cocci,  freauently  united  in  chains. 

Biotofficcu  Gharactera. — An  aSrohic,  non-liqiLefying,  chromogenic  mi- 
crococcus. Q-rowB  in  the  usual  culture  media  at  tne  room  temperature. 
Upon  gelatin  plates  forms  superficial  colonies  of  hemispherical  form  and 
violet  color,  in  gelatin  stick  ctdturea  scanty  growth  along"  the  line  of 
puncture,  and  upon  the  surface  a  hemispherical  mass  of  violet-hlue  color. 
Upon  agar  a  violet-blue  layer.  Upon  potato  a  violet-colored  streak  is 
formed  along  the  impfstrich. 

184.  STAPHYLOCOCCUS  viRiDis  PLAVESCENS  (Quttmann). 

Found  in  the  vesicles  of  varicella. 

Morphology. — Micrococci  of  irregular  dimensions,  solitary,  in  pairs,  or 
in  irregular  groups;  does  not  differ  in  morphology  from  Staphylococcus 
pyogenes  aureus. 

Biological  Characters. — An  aerobic,  non-liquefying^  chromogenic  mi- 
crococcus. Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates,  at  the  end  of  two  days,  small,  greenish-yeliow  colo- 
nies become  visible;  under  a  low  i)Ower  these  are  seen  to  be  spherical  and 
slightly  granular  upon  the  surface — less  so  at  a  later  date.  In  gelatin  stick 
cultures  growth  occurs  both  upon  the  surface  and  along  the  line  of  punc- 
ture, of  a  grayish-yellow  color.  Upon  agar,  at  the  end  of  twenty- four 
hours  at  STT  C.,  a  greenish-yellow  growth  occurs  along  the  line  of  puncture. 
An  abundant  development  occurs  upon  potato  in  twenty-four  hours  at 
37°  C. 

185.  MICROCOCCUS  OCHROLEUCUS  (Prove). 

Found  in  urine  of  man. 

JforpAotopy.— Micrococci,  from  0.6  to  0.8  m  in  diameter,  solitary,  in 
pairs,  or  in  snort  chains. 

Biological  Characters. — ^An  aerobic,  non-liquefying y  chromogenic  micro- 
coccus. The  pigment  is  soluble  in  alcohol,  insoluble  in  water,  and  is  decol- 
orized by  acids.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates,  at  the  end  of  twenty-four  hours,  small,  colorless  colo- 
nies are  developed,  surrounded  by  a  somewhat  elevated  and  wavy  border ; 
later  branching  offshoots  are  given  off  from  the  margin  and  the  centre  ac- 
quires a  sulphur-yellow  color.  In  gelatin  stick  cultures  a  thin,  colorless, 
superficial  layer  is  quickly  developed ;  this  in  three  or  four  days  acquires  a 
suIphur-yelloW  color.  The  growth  upon  potato  is  scanty  and  is  scarcely 
visible  before  the  fifth  day.    Old  gelatin  cultures  give  off  a  peculiar  odor. 

186.  MICROCOCCUS  AciDi  LACTici  LiQUEFACiENS  (Kreuger). 

Found  in  **  cheesy  butter." 

Morphology. — Oval  cocci,  from  1  to  1.5  /*  in  diameter,  frequently  associ- 
ated in  pairs  or  in  tetrads. 

Biological  Characters.^-An  aerobic  B,nd  facultative  anaerobic,  liquefy- 
ing micrococcus.  Grows  best  at  the  room  temperature.  Upon  gelatin 
plates  small,  white  colonies  are  developed  at  the  end  of  three  davs,  which 
under  the  microscope  are  seen  to  have  deeply  cleft  margins ;  the  gelatin 
about  the  colonies  is  gradually  liquefied.  In  geuUin  stick  cultures  a  white, 
granular  growth  occurs  along  the  line  of  puncture,  and  a  funnel-shaped 
hquefaction  of  the  gelatin  occurs  by  the  third  day ;  liquefaction  progresses 
rapidly,  and  a  dirty-white,  slightly  wrinkled  layer  forms  upon  the  surface, 
while  the  jrolatin  below  is  clouded.  In  milk  coagulation  occurs  in  three 
days  at  2Xf  to  25**  O.,  and  lactic  acid  is  formed;  a  clear  layer  of  serum  is 
seen  above  the  homogeneous  coagulated  mass  of  casein,  which  is  not  subse- 
quently peptonized. 
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187.  MICROCOCCUS  aSrogenes  (Miller). 

Found  in  the  alimentary  canal. 

Morpholoqy. — Laiffe  oval  cocci. 

Biotogiocu  Charcu^a. — ^An  aircbic  Bud  fcumltcUivs  andSrcbiCj  Uqusfy- 
ing  micrococcus.  Grows  in  the  usual  culture  media  at  the  room  tempera- 
ture. Upon  gelatin  plates  forms  spherical  colonies  of  dark  color  and  smooth 
contour.  In  gelatin  stick  cultures  development  occurs  alon^  the  line  of 
puncture,  with  a  hrownish-yellow  color,  and  a  flat,  button-like,  grayish- 
white,  soft  mass  is  formed  upon  the  surface ;  edight  liquefaction  occurs  after 
some  days.  Upon  the  surface  of  agar  a  yellowish-white,  pap-like  layer  is 
formed.  The  growth  upon  potato  is  similar  to  that  upon  agar.  Possesses  a 
great  resistance  against  the  action  of  acids. 

188.   MICROCOCCUS  ALBUS  LIQUEFACIBNS  (Von  Besser). 

Very  common  in  the  nasal  mucus  of  healthy  persons. 

Mbrnnology, — Micrococci,  about  twice  as  large  as  Staphyloooocos  pyo- 
genes albus,  spherical  or  elliptical ;  in  irregular  grouiw  or  in  chains. 

Biological  Characters, — An  aJ^rcbic  and  fax:^tative  anaerobic,  liquefy" 
ing  micrococcus.  Grows  in  the  usual  culture  media  at  the  room  tempera- 
ture. In  gelatin  stick  cultures  produces  a  stocking^haped  pouch  of  lique- 
fied gelatin,  and  after  a  time  complete  liquefaction—sometimes  only  partial 
and  very  tardy  liquefaction.  Upon  agar  plates  white,  shining  colonies 
with  an  elevation  at  the  centre  and  of  the  margin,  widi  a  depression  be- 
tween, 0.5  centimetre  or  more  in  diameter;  under  a  low  power  the  centre 
appears  brownish  and  is  surrounded  by  a  dark  zone,  this  by  a  more  trans- 
parent, grayish-brown  zone,  and  finally  by  an  opaque  marginal  ring.  Upon 
potato  a  shining,  white  layer  is  developed. 

189.  MICROCOCCUS  FCETiDUS  (Elamann). 

Found  in  the  posterior  nares  of  man. 

Morphology, — Micrococci  of  irregular  dimensions,  solitary,  in  pairs,  in 
short  cnains,  or  in  irregular  groups;  the  diplococci  measure  1.4 /<  in  dia- 
meter. 

Biological  Characters, — An  aSrobic,  liquefying  micrococcus.  Grows  at 
the  room  temperature  in  the  usual  culture  media — not  so  well  in  the  incu- 
bating oven.  Upon  gelatin  plates  oval  or  spherical  white  colonies  are  slowly 
developed.  In  gelatin  stick  cultures  a  milk-wliite,  shining,  elevated  mass, 
with  a  Knobby  surface,  is  developed  about  the  point  of  puncture;  later  this 
presents  a  central  prominence  surrounded  by  concentric  circles  and  acquires 
a  brownish  color*  liquefaction  occurs  slowly  and  the  cultures  develop  a 
disagreeable  odor  like  that  of  ozaena.  Upon  the  surface  of  agar  a  whitish, 
irregular  layer  is  slowly  developed  and  extends  over  the  entire  surface. 
Upon  potato  a  slimy,  irregular  growth,  of  a  pale  reddish-gray  color  and  a 
knobby  surface,  which  gives  off  an  intense  and  disagreeafie  odor  like  that 
of  ozsena. 

190.   MICROCOCCUS  RADIATUS  (Flugge). 

Found  in  the  air  and  in  water. 

Morphology. — Micrococci,  from  0.8  to  1  /<  in  diameter,  solitary,  in  short 
chains,  or  in  irregular  groups. 

Biological  Characters, — An  airobic,  liquefying  micrococcus.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates,  at 
the  end  of  two  davB,  white  colonies  with  a  yellowish-green  shimmer,  about 
one  millimetre  in  diameter,  are  developed ;  under  a  low  power  these  appear 
yellowish-brown  and  have  starfish-like  outgrowths;  at  the  end  of  four  days 
a  delicate,  regularly-arranged,  radiating  aureole  surrounds  the  colonies,  outr 
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side  of  which  a  second  and  finally  a  third  similar  '*  Strahlenkranz  ^'  iff 
often  developed;  liquefaction  progresses  slowly  about  the  colonies.  In 
gelatin  stick  cidtures  feathery  outgrowths  occur  at  intervals  along  the  line 
of  puncture,  radiating  horizontally  into  the  gelatin ;  liquefaction  commences 
near  the  surface  as  a  pointed  funnel  and  gradually  extends  downward. 
Upon  potato  a  yellowish-brown  layer  is  quickly  developed. 

191.   DIPLOCOCCUS  ALBICANS  AMPLUS. 

Synonym. — Gray- white  micrococcus  (Bumm). 

Found  in  mucus  from  the  healthy  va^na. 

Morphology, — Diplococci  resembung  the  "  touococcus  "  inform,  butcon- 
siderab^  larger,  from  2  to  2.8  /<  in  diameter;  &e  diplococci  are  usually  soli- 
tary, but  sometimes  are  in  groups  of  three  or  four. 

"Biological  Characters. — An  a^obic  and  facultative  anaerobic,  liquefy- 
ing  micrococcus.  Grows  at  the  room  temperature  in  the  usual  culture  me- 
dia. Upon  gelatin  plates  slightly  elevated,  grayish-white  colonies  are 
formed.  In  gelatin  stick  cultures  growth  occurs  upon  the  surface  and  along 
the  line  of  puncture  as  a  grayish-'vmite  stripe;  after  a  time  liquefaction  com- 
mences under  the  surface  growth. 

192.   MICROCOCCUS  CANDICANS  (Flugge). 

Very  common  in  the  air  and  in  water. 

Morphology, — Spherical  cocci,  from  1  to  1.2  /^  in  diameter,  associated  in 
incwular  groups. 

Biological  Characters. — An  o/^robic,  non-liquefying  micrococcus.  Grows 
in  the  usuad  culture  media  at  the  room  temperature.  Upon  adatin  plates^ 
at  the  end  of  two  days,  the  deep  colonies  are  spherical  and  white  or  yellow- 
ish in  color,  of  from  0.4  to  0.5  millimetre  in  diameter  ;  under  the  micro- 
scope they  are  seen  to  be  finelv  granular,  dark-brown  spheres.  Upon  the 
surface  milk-white,  shining  colonies  with  irregular  outlines,  which  under 
the  microscope  are  seen  to  be  finely  granular  and  to  have  jagged  margins. 
In  gelatin  stick  cultures  a  confluent  white  growth  forms  along  the  line  of 
puncture,  and  a  button-like  mass  upon  the  surface.  Upon  potato  a  slimy, 
white  layer  is  quickly  developed. 

193.   MICROCOCCUS  CANDIDUS  (Cohn). 

Found  in  water. 

Morphology. — Small,  perfectly  spherical  cocci,  from  0.5  to  0.7  ><  in  diame- 
ter, united  in  zoogloea  masses — the  intercellular  zoOgloea  substance  is  soluble 
in  water. 

Biological  Characters. — An  aercbiCy  non-U ^uefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
forms  snow-white  colonies  with  irregular  outlines,  which  under  the  micro- 
scope are  seen  to  be  slightly  granular.  In  gelatin  stick  cultures  a  flat,  milk- 
white  layer  is  formed  about  the  point  of  puncture;  very  scanty  development 
along  the  line  of  inoculation.    Upon  agar  the  same  as  on  gelatin. 

194.  MICROCOCCUS  AciDi  LACTici  (Marpmann). 

Found  in  cow's  mUk. 

Morphology. — Large  cocci,  solitary  or  in  pairs. 

Biotogiccu  Characters. — An  aerobic,  non-liquefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  tem^rature.  Upon  gelatin  plates 
forms  at  the  end  of  twenty-four  hours  punctiform,  yellowish-white,  lustre- 
less colonies.  In  gelatin  stick  cultures  a  thin,  yellowish  layer  forms  upon 
the  surface,  which  is  thickest  in  the  middle,  thin  and  transparent  at  the 
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margin,  and  without  lustre.  In  milk,  at  the  end  of  twelve  hours,  a  red 
color  is  developed,  which  disappears  at  the  end  of  twenty-four  hours,  when 
coagulation  has  occurred  as  a  result  of  the  formation  of  lactic  acid. 

196.   MICROCOCCUS  LACTIS  VI8COSUS. 

Synonym, — Micrococcus  of  hitter  milk  (Conn). 

Found  in  cream  which  had  a  bitter  taste. 

Morphology, — Micrococci  of  moderate  dimensions,  frequently  united  in 
paii*s ;  in  agar  cultures  forms  short  chains. 

Biological  Characters,— 'Anaerobic  a.ndfactdtativeanaerotnc,  liquefying 
micrococcus.  Grows  in  the  usual  culture  media  at  the  room  temperature- 
more  rapidly  at  35°  C.  Upon  gelatin  plates  forms  small,  spherical  colonies, 
which,  as  liquefaction  commences,  spread  out  upon  the  surface  as  a  thin, 
granular  mass.  In  aelatin  stick  cultures  liquefaction  commences  at  the  sur- 
face, forming  a  shallow  cavity,  and  rapidly  progresses  until  the  gelatin  is 
entirely  liquefied ;  the  liquefied  gelatin  is  extremely  viscid.  Upon  a^r  a 
shining,  homogeneous  white  layer  is  developed.  Upon po^o/o  white,  shming 
masses,  which  ai^e  more  or  less  separated  from  each  other.  In  bouillon  an 
abundant  development  occurs  and  a  thin  film  is  formed  upon  the  surface; 
the  bouillon  becomes  very  viscous.  In  miUc  growth  is  rapid  and  the  milk 
acquires  a  bitter  taste;  at  35°  C.  coagulation  occurs  in  twenty-four  hours  and 
the  milk  has  an  acid  reaction ;  the  coasnilum  is  soft  and  soon  commences  to 
dissolve  from  the  peptonizing  action  of  the  ferment,  but  solution  is  not  com- 

§lete.  Cultures  in  gelatin  and  bouUlon  are  especially  viscid,  and  mav  be 
rawn  out  into  threads  which  are  scarcely  visible  and  are  as  much  as  three 
metres  long.  The  acid  formed  by  the  growth  of  this  micrococcus  in  milk  is 
butyric. 

196.  SPH^ROCOCCUS  ACIDI  LACTICI  (Marpmann). 

Found  in  fresh  cow's  milk. 

Morpholoay. — Venr  small,  oval  cocci,  in  pairs  or  in  short  chains. 

Biological  Characters,— An  aerobic^  non-tiquefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
forms  porcelain- white  colonies,  the  size  of  a  pin's  head,  upon  the  surface  of 
the  gelatin.  In  aelatin  stick  ctUtures  growth  is  scanty  alon^  the  line  of 
puncture;  upon  the  surface  a  layer  is  developed  which  has  sloping,  toothed 
margins,  and  at  the  end  of  six  weeks  acquires  a  pale-vellow  color.  Milk  ac- 
quires a  reddish  color,  and  is  coagulated  at  t^e  end  of  twenty-four  hours, 
with  formation  of  lactic  acid. 

197.   MICROCOCCUS  AQUATILIS  (Bolton). 

Very  common  in  water. 

Morphology, — Small  cocci,  associated  in  irregular  groups. 

Biological  Characters. — An  aerobic^  non-liquefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
forms  circular,  porcelain- white,  slightly  elevated  colonies;  under  a  low 
power  the  deep  colonies  are  seen  to  1^  mulberry-like  in  form,  with  roughly 
toothed  contour  and  a  pale-yellowish  color;  the  superficial  colonies  are  cir- 
cular and  are  surrounded  by  a  narrow,  homogeneous  mar^nal  zone,  while 
the  interior  is  peculiarly  marked,  resembline  a  schematic  drawing  of  a  sec- 
tion of  a  liver  acinus.  In  gelatin  stick  culhires  growth  occurs  both  on  the 
surface  and  alon^  the  line  of  puncture,  of  a  white  color.  Upon  the  surface 
of  agar  a  white  layer  is  formed. 

198.  MICROCOCCUS  CONCENTRICUS  (Zimmermann). 

Found  in  water. 

Morphology, — Micrococci,  0.9  m   in   diameter,    associated    in  irregular 
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Bidogicdl  Characters,  — ^An  aerobic,  nan-liquefyhig  micrococcus.  Grows 
in  the  usual  culture  media — best  at  the  room  temperature.  Upon  gelatin 
plates  the  deep  colonies  appear  as  small,  bluish-gray  points;  the  superficial 
colonies  are  at  first  small,  bluish-gray  discs,  which  later  are  irregular  in  out- 
line; at  the  end  of  five  davs  they  are  about  three  millimetres  broad  and  con- 
sist of  a  centaral  grayish- white  disc  surrounded  by  a  bluish-gray  ring  with  ir- 
regular outlines.  Under  a  low  power  the  deep  colonies  are  seen  to  be  spherical 
and  granular,  of  a  pale-brown  or  yellowish-green  color,  and  in  the  mterior 
usually  several  concentric  rin^  are  observed;  the  superficial  colonies  show 
in  the  interior  a  darker  disc  with  irregular  margins  and  marked  by  fine  ra- 
diating fissures;  around  this  is  an  irregular  marginal  zone  of  a  pale-brown 
color  and  granular  in  appearance,  and  this  is  enclosed  in  a  white,  shining 
border.  In  gelatin  stick  cultures  a  thin,  bluish-gray  layer  forms  upon  the 
surface,  which  consists  of  a  number  of  concentric  rings  of  growth  arranged 
around  the  point  of  puncture  as  a  centre.  Upon  agar  a  brc^,  smooth,  shin- 
ing layer  with  toothed  margins  and  of  bluisn-gi'ay  white  color.  On  potato 
a  Siin,  slimy,  yellowish-gray  layer. 

199.  MICROCOCCUS  CUMULATUS  TENUIS  (Von  Besser). 

Very  common  in  nasal  mucus  of  man. 

Morpholoqy, — Laive  oval  cocci,  associated  in  masses. 

Biotopical  C%aracfer8.— An  aerobic  and  facultative  anaerobic,  non-Hque- 
tying  micrococcus.  Grows  in  the  usual  culture  media  at  the  room  tempera- 
ture. In  gelatin  stick  cultures  gix>ws  along  the  line  of  puncture  as  a  delicate 
white  stripe  composed  of  small  colonies;  upon  the  surface  as  a  fiat,  trans- 
parent layer  with  slightly  elevated  margins.  Upon  agar  plates  as  thick, 
transparent  drops  about  0.2  millimetre  in  diameter;  under  a  low  power 
these  are  seen  to  have  a  large  brown  nucleus  surrounded  by  a  ^^yish-brown 
zone  having  wrinkled  margins;  later  the  colonies  attain  a  diameter  of  0.5 
centimetre,  andappearasfiat,  transparent  discs  with  a  large  central  nucleus. 
Scarcely  any  growth  upon  ix>^ato.  In  bouillon  a  considerable  deposit  accu- 
mulates at  the  bottom  or  the  tube,  and  the  liquid  is  nearly  transparent 
above. 

200.  MICROCOCCUS  PLUMOSUS  (Brautigam). 

Found  in  water. 

Morphology, — ^Micrococci,  0.8/<  in  diameter,  associated  in  zoogloea. 

Biotogic€u  Characters, — ^Ana^o6tc,non-Zigue/2^ing  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
yellowish- white  colonies  are  developed,  whicn  send  out  tonfi;ue-like  processes 
and  the  margins  of  which  are  abruptly  thickened.  In  gelatin  stick  cultures, 
from  along  the  line  of  puncture,  at  certain  points,  long,  delicate,  white  off- 
shoots are  given  ofi!  into  the  gelatin,  which  resemble  needle- like  crystals; 
similar  offshoots  from  the  layer  upon  the  surface  of  the  gelatin  are  also 
seen ;  these  consist  of  cocci  in  masses,  arranged  like  chains  of  pearls.  Upon 
potato  an  irregular,  yellowish- white  layer  with  tongue-like  omhoots. 

201.  MICROCOCCUS  ROSETTACEUS  (Zimmermann). 

Found  in  water. 

JlforpftoZoflry.— Spherical  or  elliptical  cocci,  from  0.7  to  1  yw  in  diameter, 
associated  in  grape-like  masses. 

Biological  CharcLcters. — An  aeroWc,  non-Z^g^^€/y^ngr  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gdatin  plates 
the  deep  colonies  are  small,  grayish- white,  and  usually  spherical  in  form; 
under  a  low  power  they  are  sometimes  seen  to  be  lenticular  or  mussel - 
shaped.  The  superficial  colonies  are  rather  broad,  shining,  yellowish-gray 
drops,  with  more  or  less  irregular  outlines.    In  gelatin  stick  cultures  a  thin, 
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grav,  rosette-like  layer  of  irr^g^ularly  circular  contour  develops  upon  the 
surface ;  very  scanty  sro  wth  alonjf  the  line  of  puncture.  Upon  apar  a 
smooth,  shining,  ^ray layer  with  miely  toothed  margins.  Upon  potato  a 
yellowish-gray  layer  is  quickly  formed. 

202.  MICROCOCCUS  URE^  (Pasteur). 

Found  in  the  air  and  in  ammoniacal  urine. 

Morphology, — Micrococci,  from  0.8  to  1  /i  in  diameter,  solitary,  in  pairs, 
in  tetrads,  or  in  short  chains ;  also  in  zoogloea  masses. 

Biological  Characters.— Aa  aerobic  and  facultative  anaerobic,  non- 
liquefying  micrococcus.  Grows  in  the  usual  culture  media  at  the  room  tem- 
perature— hetter  at  30°  to  35^  C.  Upon  gelatin  plat-ea  forms,  at  the  end  of 
twenty-four  hours,  small,  white,  pearly,  shining  colonies  of  smooth  surface 
and  snarply  defjied  outline ;  at  the  end  of  ten  days  these  are  laree,  fiat  colo- 
nies resembling  a  drop  of  stearin.  In  gelatin  stick  cultures  development  oc- 
curs along  theline  of  puncture  in  form  of  a  thin,  tenacious  thread.  Old  cul- 
tures have  a  paste-like  odor. 

According  to  Von  Jaksch,  a  very  favorable  medium  for  the  growth  of  this 
micrococcus  is  made  by  adding  to  one  litre  of  water,  magnesia  sulphate 
one-sixteenth  gramme,  potassium  hypophosphite  one-eighth  gramme,  potas- 
sium sodium  tartrate  five  ^ammes,  urea  five  gimmes.  In  urine  and  solu- 
tions containing  urea  carbonate  of  ammonia  is  formed  during  the  develop- 
ment of  this  micrococcus — ammoniacal  fermentation. 

203.   MICROCOCCUS  URBJB  LIQUEFACIBNS  (Flugge). 

Found  in  ammoniacal  urine. 

Morphology,— Spherical  cocci,  from  1.25  to  2  ^  in  diameter,  solitary,  in 
chains  of  three  to  ten  elements,  or  in  irreralar  groups. 

Biological  Characters. — An  airobtcAiSifacultativeanaSrcbiCy  liquefying 
micrococcus.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  formSy  at  the  end  of  twenty -four  hours,  small,  white, 
punctitorm  colonies,  which  under  a  low  power  appear  as  well-defined,  dark- 
gray  spheres ;  after  they  reach  the  surface  of  the  ^latin  the  colonies  become 
considerably  larger,  have  a  yellowish-brown  color  and  a  central  nucleus 
consisting  of  the  original  deep  colony ;  the  surface  of  the  superficial  colo- 
nies is  granular,  the  outline  becomes  gradually  wavy;  liquefaction  of  the 
gelatin  around  the  colonies  occurs  gradually.  In  gelatin  stick  cultures  a 
confluent,  white  growth  develops  along  the  line  of  puncture,  and  liquefac- 
tion quickly  occurs  and  extends  to  the  walls  of  the  tube ;  finsdly  oue-half 
or  more  of  the  ^latin  is  liquefied  and  has  a  whitish,  clouded  appearance, 
while  a  thick,  yellowish-white  deposit  is  seen  at  the  bottom. 

204.  MICROCOCCUS  VITICULOSUS  (Katz). 

Found  in  the  air  and  in  water. 

Morphology. — Oval  micrococci,  from  1  to  1.2  /i  in  diameter;  forms  thick 
zooglcea  masses. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liquefyijig  micrococcus.  Grows  rapidly  in  the  usual  culture  media  at  the 
room  temperature.  Upon  gelatin  plates  the  deep  colonies  are  seen  to  con- 
sist of  hair-like  branches  given  off  from  a  centre,  and  which  for  some  dis- 
tance form  a  delicate  network;  under  a  low  power  these  branches  are  seen 
to  be  made  up  of  zooglcea  masses  of  various  aimensions  united  in  chaplets. 
The  superficial  colonies  extend  rapidly  as  a  thin,  lelly-like,  clouded  white 
layer,  from  which  fine  threads  are  given  off  into  the  deeper  layers  of  the 
gelatin.  In  gelatin  stick  cultures  growth  occurs  along  the  line  of  puncture 
as  a  delicate  network  of  threads;  upon  the  surface  a  feathery  growth  occurs 
along  the  line  of  inoculation.  Upon  potato  a  dry,  dirty-white  layer  is 
quickly  developed. 
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205.  DiPLOCOCCUS  ALBICANS  TARDissiMUS  (Eisenberg). 

Synonym. — Milk-white  micrococcus  (Bumm). 

Found  ia  secretions  from  the  vagina  and  cervix,  especially  in  the  vaginal 
secretions  of  puerperal  women. 

JMorptoZo^.— Diplococci  resembling  the  **gonococcu8,"  and  consisting 
of  two  biscuit-shaped  halves  separated  by  a  cleft  which  is  not  as  broad  as 
that  seen  in  Micrococcus  gonorrhoeae;  the  diameter,  from  pole  to  pole, 
averages  about  1.25  /a.  In  unstained  preparations  the  cleft  is  not  seen  and 
the  diplococci  appear  as  spherical,  highly  refractive  bodies. 

Biological  Charcicters. — ^An  aJ^dbic  and  facultative  anaerobic^  non- 
liquefying  micrococcus.  Grows  very  slowly  at  the  room  temperature  in  the 
usual  culture  media.  Upon  gelatin  plates  forms  extremely  small,  puncti- 
form  colonies,  which  under  a  low  power  are  seen  to  be  spherical,  opaque, 
and  brownish-green  in  color;  at  the  end  of  two  weeks  they  may  attain  a  dia- 
meter of  two  millimetres.  In  gelatin  stick  cultures  small,  isolated,  gray- 
ish-white colonies  are  developed,  after  some  days,  along  the  line  of  puncture, 
and  a  thin,  whitish,  stearin-like  layer  with  irregularly  dentate  margins  is 
slowly  developed  upon  the  surface.  Upon  the  surfax^  of  agar  a  thin, 
moist,  grayish-white  layer  with  dentate  margins  is  slowly  develoi)ed. 

206,  DIPLOCOCCUS  ALBICANS  TARDUS  (Unna). 

Found  upon  the  surface  of  the  body  in  individuals  having  eczema  se- 
borrhoeicum. 

Morphology. — Diplococci  consisting  of  two  oval  elements,  with  the  long 
diameters  in  parallel  planes,  from  0.7  to  0.8 /<  long  and  0.6  A  broad;  often 
associated  in  short  chains  or  in  irregular  groups. 

Biological  Characters. — ^An  a^Si^bic,  nonrltquefying  micrococcus.  Grows 
slowly  in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin 
plates  the  deep  colonies  are  usually  oval,  dark-yellow,  and  at  the  end  of 
eight  days  are  as  lar^e  as  a  mustard  seed.  The  superficial  colonies  are  cir- 
cular in  outline,  with  well-defined  margins,  elevated,  grayish-yellow,  and 
at  the  end  of  eight  days  one  to  two  milBmetres  in  diameter;  under  a  low 
powerthey  areseen  to  be  granular,  grayish-yellow,  with  shining  mamns; 
at  the  end  of  five  weeks  they  are  gray  and  present  two  or  three  zones  of  dif- 
ferent dimensions,  with  an  elevatea  circular  centre  and  finally  with  thin, 
slimy,  dentate  margins ;  under  the  microscope  finely  granular  projections 
are  seen  ui>on  the  surface.  In  aelatin  stick  cultures,  at  the  end  of  three 
weeks,  a  thin,  waxy-looking,  yellowish-white  layer  with  finely  dentate  mar- 
gins develops  upon  the  surface  and  a  scanty  growth  has  occurred  alon^  the 
line  of  puncture.  At  the  end  of  five  weeks  this  superficial  layer  may  nave 
a  diameter  of  one  centimetre.  Ui>on  the  surface  of  agar,  at  the  end  of  five 
weeks,  a  yellowish-gray  streak  with  irregular,  dentate  margins  and  a  dull 
lustre  is  formed  along  the  line  of  inoculation. 

207.  STAPHYLOCOCCUS   ALBUS   LIQUKFACIENS, 

Synonym. — ^White  liquefying  staphylococcus  (Escherich). 

Found  occasionally  in  the  alvine  discharges  of  healthy  infants. 

Morphology, — ^Micrococci  of  from  0.8  to  1.2  M  in  diameter,  occasionally 
oval  in  form  and  three  M  in  long  diameter;  associated  in  irregular  groups 
— considerably  larger  than  Staphylococcus  pyogenes  albus. 

Biological  Characters.— kn  aJerdtyic^  liquefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
forms  spherical,  white  colonies,  which  after  some  time  cause  a  gradual 
liquefaction  of  tne  surrounding  gelatin.  In  gelatin  stick  cultures  a  scanty 
development  is  seen  alon^  the  line  of  punctura  at  the  end  of  three  to  four 
days,  and  gradual  liquemction  of  the  gelatin  occurs  in  funnel  form ;  the 
liquefied  gelatin  is  viscid,  of  syrupy  consistence,  and  idightly  clouded ;  |the 
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surface  is  covered  by  a  white  layer  of  micrococci;  development  usually 
ceases  before  complete  liquefaction  has  occurred.  Upon  a^r  and  upon 
hh>od  serum,  a  white  layer  is  developed,  which  presents  nothinjf  characteris- 
tic; blood  serum  is  not  liquefied.  Upon  potato  a  very  scanty,  thin,  color- 
less layer,  which  later  appears  as  a  collection  of  white,  button-like  masses. 

208.  MICROCOCCUS  OVALIS  (Escherich). 

Found  frequently  in  meconium  and  fsBces  of  milk-fed  infants. 

Morphology. — Micrococci  of  from  0.2  to  0.3  /*  in  diameter,  frequently 
seen  as  oval  cells  0.6  to  0.7  fi  long  and  0.3  fi  broad,  in  the  middle  of  which 
a  commencing  line  of  division  may  sometimes  be  seen;  sometimes  in  s)iort 
chains. 

Biological  Characters. — ^An  aerobic  and  facultaiive  anaerobic^  non- 
liquefying  micrococcus.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  Upon  gelatin  plates  forms  very  small  colonies  which  are  in 
no  way  characteristic.  In  gelatin  stick  cultures  small,  white  colonies  are 
developed  along  the  line  of  puncture,  and  no  development  occurs  upon  the 
surface,  or  a  scanty,  colorless  rin^  of  growth  surrounds  the  point  of  punc- 
ture. Upon  potato  a  tolerably  aoundant  growth  occurs,  consisting  of  a 
small,  woite  layer.  In  milk  it  causes  an  acid  reaction,  and  coagulation  after 
several  days. 

209.  DiPLOCOCCUS  CORYZ^  (Hajek). 

Found  in  nasal  mucus  in  acute  nasal  catarrh. 

Morphology. — ^Lar^  diplococci,  flattened  along  the  line  of  contact;  re- 
semble short  bacilli  with  round  ends. 

Biological  Characters. — An  ocrofeic,  non-ZigMe/ymgrmicroooccus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
forms  white,  glass-like,  slightly  elevated  colonies.  In  gelatin  stick  cultures 
the  growth  resembles  that  of  Friedlander's  bacillus  at  first,  but  the  super- 
ficial growth  is  flatter  after  some  days.  Upon  the  surface  of  agar  forms  a 
diffuse  layer. 

210.  MICROCOCCUS  FiNLAYKNSis  (Sternberg). 

Obtained  by  Finlay  in  cultures  from  the  liver  and  spleen  of  a  yellow- 
fever  cadaver. 

Morphology. — Micrococci,  from  0.5  to  0.7  m  in  diameter,  solitary,  in 
pairs,  or  occasionally  in  groups  of  four;  also  in  irre^lar  masses.  like 
other  staphylococci,  the  cocci  are  seen,  in  properly  stamed  preparations,  to 
be  made  up  of  two  hemispherical  portions. 

Biological  Characters. — An  aSrobic,  liqu^fyina,  chromogenic  micro- 
coccus. Grows  slowly  at  the  room  temperature  in  the  usual  culture  media. 
In  gelatin  stick  cultures  growth  occurs  along  the  line  of  puncture  and  lique- 
faction near  the  surface;  the  cup  shaped  cavity  which  is  slowly  formed  is 
lined  with  a  very  viscid,  opaque,  pale- yellow  layer  of  cocci.  Upon  the  sur- 
face of  agar  a  viscid  layer  having  a  pale-yellow  color  is  formed.  Not  path- 
ogenic for  rabbits  or  guinea-pigs. 

211.   MICROCOCCUS  OF  FRBIRB. 

Presented  to  the  writer,  at  the  time  of  his  visit  to  Brazil  (1887),  by  Dr. 
Domingos  Freire,  as  his  yellow-fever  germ— so-called  Cryptococcus  xantho- 
genious. 

Morphology. — Micrococci,  from  0.5  to  0.8;<  iu  diameter,  solitary,  in  pairs, 
or  in  irregular  agglomerations;  like  other  staphylococci,  groups  of  four  and 
chains  of  three  or  four  elements  are  occasionally  formed. 
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Stains  with  the  aniline  colors  usually  employed  and  by  Gram's  method. 

Biological  Characters.— An  aSrobic,  liquefying  staphylococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Is  killed  by  exposure 
to  a  temperature  of  60°  C.  for  ten  minutes.  Vitality  not  destroyed  by  long 
exposure  to  a  freezing  temperature.  Development  occurs  at  a  comparatively 
lo  wtemperature— 10^  to  15°  C.  Preserves  its  vitality  for  several  months  m 
cultures.  In  gelatin  stick  cultures  development  occurs  along  the  Ime  of 
puncture  and  liquefaction  in  cup  shape  near  the  surface;  the  cocci  accumu- 
late at  the  bottom  of  the  cup  as  a  milk-white  deposit ;  later  the  gelatm  may 
be  completely  liquefied  at  the  upper  part  of  the  tube  for  half  an  inch  or 
more,  and  the  non-liquefied  gelatm  forms  a  horizontal  floor  upon  which  a 
milk-white  deposit  is  seen.  In  agar  stick  ciiZ^Mrea  an  irregular,  white,  opaque 
growth  is  seen  along  the  line  of  puncture,  and  a  soft,  milk-white  layer, 
with  irregular  outlines,  forms  upon  the  surface.  Upon  potato  a  milk-white 
layer,  from  three  to  five  millimetres  wide,  is  developed  along  the  line  of  in- 
oculation at  the  end  of  forty-eight  hours  at  37°  C.    Does  not  coagulate  milk. 


Fio.  109.  Fio.  900. 

Fio.  too.— Ificroooocaa  of  Freire,  from  a  gelatin  cuHare.  X  1,000.  From  a  pbotomicrograplL 
CStemberg.) 

Flo.  200.— Culture  of  Frelre*8  micrococcus  in  nutrient  gelatin,  end  of  eight  days  at  SS^  0.  From 
a  pboiograph.   (0tembeig.> 

In  the  writer^B  experiments  this  micrococcus  has  not  proved  to  be  patho- 
genic for  guinea-pigs.  According  to  Freire,  it  is  not  nathogenic  for  these 
^Tiintftla  in  the  winter  months,  but  in  summer,  at  Rio  de  Janeiro,  it  is  fatal 
to  guinea-pigs  and  to  small  birds. 

212.   STREPTOCOCCUS  COLI  GRACILIS  (Escherich). 

Found  in  the  faeces  of  healthy  children  on  flesh  diet— not  during  the 
period  of  nursing  (Escherich). 

MorpJwiogy.^Micrococci,  from  0.2  to  0.4  fi  in  diameter,  usually  in  S- 
shaped  chains  containing  from  six  to  twenty  elements.  In  &gar  cultures  the 
chains  are  shorter,  and  upon  notato  they  are  rarelv  seen ;  the  elements  in  a 
chain  are  often  elongated  ana  show  indications  oi  commencing  transverse 
division. 

Biological  Characters. — An  aerobic  said  facultative  anaJSrotnc,  liquefy- 
ing streptococcus.  Orows  rapidly  in  the  usual  culture  media  at  the  room 
temperature.  Upon  gelatinjplates  the  colonies  are  at  first  small,  spherical, 
and  well  defined,  later  bulging  and  lying  at  the  bottom  of  a  funnel  of  lique- 
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fled  gelatin ;  by  reflected  light  the  colonies  are  of  a  whitish  lustre.    In  pe2a- 

tin  mick  cultures  development  occurs  along  the  line  of  puncture,  and  hque- 

f action  commences  on  the  second  day  along  the  entire  line,  forming  a  tube 

of  rather  uniform  dimensions ;  the  liquefied  i^latin  iselightly 

clouded,  and  a  very  slight  deposit  of  a  white  color  is  seen  at 

^^^  the  bottom  of  the  tube  ;  by  the  eighth  to  tenth  day  liquefac- 

,,^     V      tion  is  complete;  in  older  cultures  a  finely  granular,  whitish 

4S^^     Jf      deposit  is  seen,  while  the  gelatin  above  is  quite  transparent 

Jt         •  and  has  an  acid  reaction.     Upon  agar  a  very  scanty  super- 

\jg^   J         flcial  growth  occurs.     BlwM  serum  is  not  liquefied,  but 

^'•^  ^  small,  shining  scales  are  developed  upon  the  surface.    Upon 

Fio.  901^  Btr.     young  potato  a  thin  layer  of  white,  outton  like  colonies  de- 

coU graol]J8,ffroiii     velops  upon  the  surface;  no  growih  occurs  on  old  potato. 

a  Uquefled  geia-     j^njc  is  coagulated  and  acquires  an  acid  reaction  after  a  con- 

tto  culture.     X     siderable  time. 

V7D.  CEacberich.) 

213.  STREPTOCOCCUS  ACiDi  LACTici  (Grotenfeld). 

Found  in  coagulated  milk  in  Finnland. 

Morphologj/.-—Sphericsl  or  oval  cocci,  from  0.5  to  1  /« long  and  0.3  to  0.6 
M  thick,  associated  m  long  chains. 

Biological  C/iaracfcr«.— An  anaircbic  (not  strict),  non-liquefying  strep- 
tococcus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  forms  spherical,  white  colonies— b^st  when  tne  plate  is  cov- 
ered with  a  layer  of  gelatin  to  exclude  the  air.  In  gelatin  stick  cultures  an 
abundant  development  along  the  line  of  puncture  only.  In  miJk  causes  co- 
agulation of  the  casein  and  an  acid  reaction. 

214.   STREPTOCOCCUS  GIGANTEUS  URETHRJE  (Lustgarten). 

Found  in  the  normal  human  urethra. 

Morphology. — Spherical  cocci,  0.8  to  1  ^  in  diameter,  associated  in  chains 
which  often  contain  many  hundied  elements,  and  are  often  united  in  thick, 
tangled  masses. 

biological  Characters. — An  aerobic  micrococcus.  Grows  slowly  in  nu- 
trient agar  at  87°  C. ;  does  not  grow  at  the  room  temperature.  Upon  agar 
plates  elongated,  drop-like  colonies  are  slowlv  formed,  which  are  not  ele- 
vated above  the  surface  ;  these  are  easily  overlooked  in  reflected  li^ht  and 
in  transmitted  light  are  iridescent;  the  colonies  are  often  shaped  like  a  clover 
leaf;  they  never  become  confluent,  and  attain  their  greatest  development  by 
the  eighth  day ;  transplantation  to  other  agar  tubes  is  rarely  successf  uL  In 
streak  cultures  upon  agar  development  occurs  for  the  most  part  in  the  con- 
densation water  as  a  flocculent  deposit. 

215.   STREPTOCOCCUS  ALBUS. 

iSywonym.— ^Weisser  Streptococcus  (Maschek). 

Found  in  Freiburg  water  by  Tils. 

Aforp^oZo^j^. —Streptococci,  which  show  independent  movements  when 
undergoing  binary  division  (Tils). 

Biological  Characters, — An  aerobic,  liquefying  streptococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates 
superficial  colonies  are  developed,  which  are  flat,  circular  in  outline,  and 
bounded  by  a  white  mar^n ;  saucer-shaped  liquefaction  quickly  occurs,  and 
under  a  low  power  a  pale-brown  cloua  is  seen  in  the  centre.  Upon  agar 
the  disc-shaped  colonies  have  a  darker  interior.  In  gelatin  stick  cuUttres 
the  development  is  chiefly  upon  the  surface;  liquefaction  progresses  rapidly, 
and  a  white  deposit  is  formed.  Upon  potato  a  slimy,  white  layer  is  quiddy 
developed. 
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216.    STREPTOCOCCUS  VERMIFORHIS. 

Synonym, — ^Wurmformiger  Streptococcus  (Maschek). 

Found  in  Freiburg  water  by  Tils, 

Morphology, — Streptococci,  which  show  slow,  vermiform,  progressive 
movements ;  the  juxtaposition  of  several  cocci  in  a  chain  gives  the  appearance 
of  bacilli,  which  are  again  united  in  chains  (Tils). 

Biological  CTiarcu^ers, — ^An  aerobic,  liquefying  streptococcus.  Grows 
in  the  usual  culture  media  at  the  room  tem{>erature.  Upon  gelatin  plates 
forms  yellowish-white  colonies,  which  sink  into  the  ffelatin  as  liquefaction 
occurs ;  about  the  more  transparent  interior  a  darker  liquefied  ring  is  seen, 
which  is  bounded  by  a  white  border;  under  a  low  power  the  interior  is  seen 
to  be  finely  granular  and  pale-brown  in  color;  the  margin  has  a  radiate  ap- 
pearance. In  gelatin  stick  cultures  growth  occurs  upon  the  surface  and 
along  the  line  of  puncture,  causing  rapid  liquefaction  of  the  gelatin ;  a  dirty- 
yellow  deposit  accumulates  at  the  Dottom  of  the  tube.  Upon  potato  a  dirty- 
yellow  layer  is  slowly  developed;  later  this  becomes  somewhat  darker. 

217.  STREPTOCOCCUS  AREVis  ( Vou  Lingelsheim). 

Obtained  from  normal  hmnan  saliva,  and  differentiated  from  Streptococ- 
cus pyogenes  by  Von  Lingelsheim  (1891). 

Morphology, — Micrococci,  solitary,  in  pairs,  or  in  short  chains— seldom 
as  many  as  eight  to  ten  elements. 

Biological  Characters, — An  aerobic  and  facultative  anaSrotnc^  non- 
liquefying  streptococcus.  Grows  in  the  usual  culture  media  at  the  room 
temperature-— more  rapidly  than  Streptococcus  pyogenes.  Bouillon  \b  uni- 
formly clouded  by  the  growth  of  this  streptocc»ccus,  while  the  streptococci 
which  form  long  chains  leave  the  bouillon  transparent  and  form  conglo- 
merate masses.  In  blood  serum  of  the  ox  the  growth  of  this  streptococcus 
exactly  resembles  that  of  Streptococcus  pyogenes,  long  chains  being  formed 
which  are  associated  in  conglomerate  masses.  Upon  gelatin  plates,  at  the 
end  of  twenty-four  hours,  forms  punctiform  colonies,  which  under  the  mi- 
croscope are  usually  seen  to  be  spherical  in  form  with  an  even  contour. 
Upon  the  surface  of  agar  a  thin,  homogeneous,  yellowish-gray  layer  is  de- 
veloped along  the  impistrich— not  composed  of  separate  colonies;  along  the 
line  of  puncture  in  nutrient  a^ar  the  colonies  are  larj^est  below  and  are  fre- 
quently flattened  or  irregular  in  'orm.  In  gelatin  stick  cultures  the  devel- 
opment at  first  resembles  that  of  '^Streptococcus  longus"  (Streptococcus 
pyogenes),  but  after  three  days  a  funnel-like  cavity  forms  near  the  surface 
of  the  gelatin,  which  finally;  extends  downward  for  a  distance  of  four  to  five 
millimetres,  while  below  this,  usually  separated  by  a  space  in  which  there  is 
no  evidence  of  growth,  colonies  the  size  of  a  pin*s  head  are  developed  along 
the  line  of  puncture  in  rows.  Uponjpoto^o,  at  37"  C,  an  abundant  develop- 
ment occurs  within  forty-eight  hours,  in  the  form  of  a  confluent,  white 
layer,  easily  stripped  from  the  surface. 

STREPTOCOCCUS  CADAVERis  (Sternberg). 

Possibly  identical  with  Streptococcus  brevis,  described  above.  Found 
by  the  writer  in  the  liver  of  a  yellow-fever  cadaver. 

ilforp^Zogry.— Micrococci,  in  pairs,  or  in  short  chains  which  are  usually 
made  up  of  cocci  in  pairs,  or  oval  elements  which  show,  more  or  less  dis- 
tincUy,  commencing  binary  division;  diameter  about  0.5  /i. 

Biological  Characters. — An  airobic  and  facultative  anaSrobic,  non- 
liquefying  streptococcus.  Grows  in  the  usual  culture  media  at  the  room 
temperature.  Grows  readily  in  a  decidedly  acid  medium.  In  aelat in  stick 
cu/fures  opaque,  spherical  colonies  are  formed  along  the  line  of  puncture— 
larger  and  more  opaque  than  in  similar  cultures  of  Streptococcus  pyogenes 


Digitized  by  CjOOQIC 


612 


NON-PATHOGENIC  MICROCOCCI, 


made  at  the  same  time ;  later  the  isolated  colonies  at  the  bottom  of  the  line 
of  puncture  are  coarsely  granular  and  irregular  in  outline ;  no  growth  upon 
the  surface  of  gelatin.    Upon  the  surface  of  agar^  in  Havana,  a  white  mass 


Fig.  S02.— streptococcus  cadATerto,  from  a  culture  In  agua.coco.    x  1»000.   nom  a  photo- 
micrograph.   (Sternberg.) 

formed  about  the  point  of  puncture ;  later,  in  Baltimore,  a  thin,  translucent 
layer  developed  upon  the  surface  of  agar  cultures.  Very  thin,  white  growth 
upon  potato  at  the  end  of  twelve  days.    In  houUUm  and  agua  coco  it  forms 


Fig.  208.— StreptococcuB  flaraniensis,  from  acid  vomit  of  yeUow-fefrer  patient,  kept  twtatj 
four  hours  in  a  collecting  tube,    x  1 .000.    From  a  photomicrograph.    CStemberg.) 

little  flocculi  made  up  of  chains.  In  old  agar  cvltures  it  is  very  small  and 
not  in  chains.  In  veal  broth,  long  chains,  m  which  the  cooci  are  larger  than 
usual ;  the  elements  vary  considerably  in  size  in  the  same  chain. 

218.  STREPTOCOCCUS  HAVANiENSis  (Sternberg). 

Found  in  acid  vomit  of  a  yellow-fever  patient  in  military  hospital,  Bar 
vana. 
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Morphology. — Micrococci,  from  0.6  to  0.9  /<  in  diameter,  associated  in  long 
chains  whicn  are  made  up  of  cocci  in  pairs  or  of  oval  elements  showing 
commencing  transverse  division. 

Biological  Characters  not  determined. 

219.  STREPTOCOCCUS  LiQUEFACiENS  (Sternberg). 

Obtained  from  liver  of  yellow-fever  cadavers,  also  from  contents  of  in- 
testine. 

Morphology. — Spherical  or  short  oval  micrococci,  from  0.4  to  0.6 //  in 
diameter,  solit^v,  m  pairs,  or  in  short  chains. 

Biological  Characters. — An  aMrobic  and  facultative  anaerobic,  liquefy' 
ing  streptococcus.  Grows  in  the  usual  culture  media  at  the  room  tempera- 
ture.    In  gelatin  stidc  cultures  liquefaction  occurs  rapidly  along  the  entire. 


Pio.  801  Fio.  80B. 

Fio.  204.— Streptrococcus  liquefadeos,  from  anac^roblc  culture  in  nutrient  gelatin,  x  1,000.. 
From  a  photomicrograph.    (Sternberg.) 

Fio.  205.— Streptococcus  liquefacieDS  ;  culture  in  nutrient  gelatin,  end  of  aeven  days  at  22^  C. 
(Sternberg.) 

line  of  juncture,  and  by  the  end  of  a  week  tlie  gelatin  is  completely  lique- 
fied ;  it  is  but  slightly  opalescent,  and  a  scanty  white  deposit  forms  at  the 
bottom  of  the  tube.  In  agar  stick  cultures  a  scanty  growth  occurs  at  the 
point  of  puncture,  and  closely  crowded  colonies  are  developed  along  the 
line  of  inoculation.  Upon  potato  a  thin  and  limited,  dry,  white  layer  is 
formed  along  the  line  of  inoculation  in  four  to  five  days.  Not  pathogenic 
for  rabbits  or  guinea-pigs. 

220.  MICROCOCCUS  TETRAGENUS  VERSATILIS  (Sternberg). 

Synonym. — Micrococcus  tetragenus  febris  flavae  (Finlay). 

Obtained  by  Dr.  Finlay,  of  Havana,  from  his  **  mosquito  cultures" — 
from  the  excrement  of  mosauitoes  which  he  had  allowed  to  draw  blood  from 
vellow-fever  patients ;  by  tne  writer  from  cultures  from  the  surface  of  the 
body  of  patients  in  hospital  in  Havana,  and  from  the  air. 

AorpfeoZogy.— Micrococci,  in  tetrads,  or  in  irre^Iar  groups  containing  three 
or  more  united  elements ;  varies  greatly  in  the  size  and  grouping  of  the  ele- 
ments, which  are  sometimes  less  than  0.5 /<  in  diameter  and  may  measure 
1.5  /^.     This  micrococcus  would  probably  be  classed  as  a  sarcina  by  some  bac- 
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teriologists,  but  diviflion  in  three  directions,  forming  packets,  has  not  been 
•observed. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method. 

Biological  Characters,— An  aJISrobic,  liquefying,  chromogenic  micro- 
coccus. Grows  in  the  usual  culture  media  at  the  room  temperature.  Colo- 
nies in  gelatin  roll  tubes  are  spherical,  opaque,  at  first  of  a  pale-yellow  and 
later  of  a  lemon-yellow  color;,  liauef action  around  the  colony  usually  does 
not  conmience  for  several  days  and  progresses  slowly.  In  gelatin  stick  cul- 
tures very  scanty  development  occurs  along  the  hne  of  punctiure,  and  the 
gelatin  is  liquefied  in  cup  shape  by  the  surface  growth;  at  the  bottom  of  the 
nquefied  gelatin  a  viscid,  pale-yellow  mass  accumulates.  Upon  the  surface 
Of  agar  a  thick,  viscid,  yellow  layer  is  formed  along  the  impfstrich,  which 


Fia.  206.  Tm.  907. 

Fio.  206.— Mioroooocus  tetragenus  Tersatilis,  trozn.  a  single  colony  in  nutrient  gelatin,  x  1,000. 
From  a  photoznlcrograph.    CBtemberg.) 

Fia.  207.— Micrococcus  tetragenusyersatilis;  culture  in  nutrient  gelatin,  end  of  two  weeks  at 
Sa^C.    (Sternberg.) 

gradually  extends  over  the  entire  surface ;  the  color  varies  from  cream-yellow 
to  lemon-yellow,  and  the  surface  is  moist  and  shining.  The  growth  upon 
jpotato  is  similar  to  that  upon  agar.  Not  pathogenic  for  rabbits  or  guinea- 
pigs. 

221.  PEDiococcus  ALBUS  (Lindner). 

Found  in  well  water. 

Morphology. — Micrococci,  solitary,  in  pairs,  or  in  tetrads;  frequently  in 
pseudo-sarcina— accidental— groups. 

Biological  Characters.— An  aerobic,  liquefying  micrococcus.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Is  destroyed  by  a  tem- 
X>erature  of  CO"  C.  in  eight  minutes.  Upon  gelatin  plates  forms  spherical 
•colonies,  aroimd  which  liquefaction  rapidly  occurs,  allowing  the  colonies  to 
fall  to  the  bottom  of  the  liquefied  gelatin,  where  they  form  irregular  flocculi. 
In  gelatin  stick  ctUtures,  at  the  end  of  twenty-four  hours,  a  deep  channel  of 
liquefaction  has  already  formed,  at  the  bottom  of  which  a  white,  loose  sedi- 
ment collects ;  by  the  fourth  day  a  pale-oranee  color  is  developed.  Upon 
the  surface  of  agar  a  broad,  dry  layer  forms  along  the  impfstricn ;  old  cul- 
tures have  an  orange  color.  Upon  potato  a  dirty-white  layer  is  developed. 
Produces  an  acid  reaction  in  culture  media,  j 
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222.  PBDIOCOCCU8  ACIDI  LACTici  (Lindner). 

Found  by  Lindner  in  mash  from  malt  and  in  hay  infusion. 

Morphoiogy, --Micrococci,  from  0.6  to  1  ju  in  diameter,  solitary,  in  pairs, 
or  in  tetrads—division  in  two  directions. 

Biological  Characters, — An  aSrobic  and  facultative  anaJerobiCy  non- 
liquefying  micrococcus.     Grows  very  slowly  in  the  usual  culture  media  at 


the  room  temperature.  Upon  gelatin  plaUs  small  colonies  are  developed, 
which  are  first  colorless  ana  later  yellowish-brown.  In  agar  stick  cultures 
a  moist,  thin,  colorless  layer  is  slowly  developed  upon  the  surface.  Upon 
potato  a  scanty,  scarcely  visible  growth.  Lactic  acid  is  produced  by  the 
growth  of  this  tetragenus  in  saccharine  solutions. 

223.  PBDiococcus  CERBVisi^  (Balcke). 

Found  in  beer  and  in  the  air  of  breweries. 

Morpholoqy. — Micrococci,  solitary,  in  pairs,  or  in  tetrads. 

Biotogicat  C%aracter«t— An  aerobic  and  facultative  anderohiCy  non- 
liquefying  micrococcus.  Grows  slowly  in  the  usual  culture  media  at  the 
room  temperature.  Is  killed  by  a  temperature  of  60"  C.  maintained  for 
eight  minutes.  Upon  gelatin  plates  forms  small,  colorless  colonies,  which 
later  are  yellowish-brown.  In  gelatin  stick  cultures  a  white,  leaf- like  layer 
is  formed  on  the  surface  and  a  grayish-white  growth  along  the  line  of  punc- 
ture. Upon  agar  a  moist,  grayish-white,  iridescent  layer  with  smooth  mar- 
^ns.     Upon  potato  a  scanty,  scarcely  visible  growth. 

224.   MICROCOCCUS    TETRAGENUS  MOBILIS    VBNTRICULI    (Mendoza). 

Found  in  the  contents  of  the  stomach. 

Morpholoqy. — Micrococci,  in  tetrads,  enclosed  in  a  transparent  capsule. 

Biological  Characters. — Xn  oMrobiCj  non-liyuefying,  motile  (?)  tetrage- 
nus. Grows  slowly  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  forms  superficial  colonies  which  are  circular  in  outline, 
with  well-defined  margins,  and  dirty-white  in  color;  under  a  low  power  they 
are  seen  to  be  finely  granular,  both  on  the  surface  and  in  the  interior.  In 
gelatin  stick  cultures  grows  upon  the  surface  as  a  dirty-white  layer;  old 
cultures  have  a  **  sugar  color  "  and  give  off  an  odor  like  that  of  skatol.  The 
growth  upon  agar  is  similar  to  that  upon  gelatin. 

225.   MICROCOCCUS  TETRAGENUS  SUBFLAVU8  (Von  BeSSer). 

Found  in  nasal  mucus. 

Morphology. Spheric&l  or  oval  cocci  of  medium  size,  usually  associated 
in  tetrads. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic  tetra- 
^nus.  I>oes  not  grow  in  nutrient  gelatin.  Grows  at  the  room  temperature 
in  nutrient  agar.  Upon  agar  plates  forms  flat,  dirty-white  colonies,  0.5 
cubic  centimetre  in  diameter,  witn  shining  surface  and  somewhat  wrinkled 
margins ;  under  a  low  power  these  are  seen  to  have  a  small  brown  nucleus 
surrounded  by  a  grayish-brown,  irregularly  striped  zone,  around  which  is  a 
wrinkled  margin.  The  deep  colonies  are  dark-green  and  punctiform,  of  very 
irr^ular  form.  Upon  the  surface  of  agar  a  broad,  fiat,  grayish-white  layer 
is  formed,  which  in  three  or  four  days  commences  to  turn  brown  at  the  mar- 
gins, and  at  the  end  of  four  weeks  has  the  color  of  cultures  of  Staphylococcus 
ogenes  aureus.  Upon  potato  a  pale-brown  layer  is  developed  along  the 
.e  of  inoculation. 


pyc 

lin< 


226.    SARCINA  AURANTIACA. 

Found  in  the  air  and  in  water. 

Morphology. — Micrococci,  in  pairs,  with  hemispherical  elements,  in  tetrads,. 
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or  in  packets  containing  eight  or  more  elements,  as  a  result  of  division  in 
three  directions.     The  cells  are  smaller  than  those  of  Sarcina  lutea. 

Biological  Characters,— An  aerobic,  liquefying,  chramogenic  saicmsL. 
Grows  in  the  usual  culture  media  at  the  room  temperature.    Upon  gelatin 

folates  forms  small,  spherical,  granular  colonies  of  an  orange^yeilow  color, 
n  gelatin  stick  culturee  liquefaction  occurs  slowly  along  the  line  of  inocula- 
tion, and  in  old  cultures  a  yellow  deposit  is  seen  at  the  oottom  of  the  trans- 
parent, liauefied  gelatin.  Upon  the  surface  of  agar  an  abundant,  shining, 
golden-yellow  layer  is  formed.  Upon  j>otato  development  is  scanty  and 
slow,  being  limited  to  the  line  of  inoculation. 

227.  SARCINA  LUTEA  (Schroter). 

Found  in  the  air. 

Morphology.  —  Micrococci,  \  fi  or 
more  in  diameter,  associated  in  pairs,  in 
groups  of  four,  or  in  packets  containing 
eight  or  more  elements. 

Biological  Characters. — An  aero- 
bic, liquefying,  chromogenic  sarcina. 
Grows  in  the  usual  culture  media  at 
the  room  temperature.  Upon  gelatin 
plates  small,  spherical,  yellow  colonies 
are  slowly  developed,  fn  gelatin  stick 
cultures  development  occurs  only  on 
the  surface  in  the  form  of  a  coarseljr 
granular,  yellow  layer  of  moderate  di- 
mensions; liquefaction  of  the  gelatin 
occurs  in  old  cultures  and  progresses 
slowly.  Upon  the  surface  of  agar  a 
rather  thick,  canary-yellow  layer  is 
quickly  developed.  Upon  potato  a  sul- 
phur-yellow streak  is  slowly  developed 
along  the  line  of  inoculation. 


Fio.  SOB.— Sarcina  lutea,  from  aa  a^^ar 
•culture.  X  1,000.  From  a  photomicro- 
graph. •  CFr&nkel  and  Pfeiffer.) 


228.  SARCINA  PLAVA  (De  Bary). 

Found  by  Lindner  in  beer. 

Morphology. — Small  micrococci  in  packets  of  sixteen  to  thirty-two  ele- 
ments, which  may  be  associated  in  irregular  masses  or  united  in  larger 
packets  of  cubical  form. 

Biological  Characters. — An  aSrobic,  liquefying,  chromogenic  sarcina. 
Grows  in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin 
plates  spherical,  yellow  colonies  are  developed,  and  liquefaction  of  the  gel- 
atin around  them  commences  in  about  four  oays.  Upon  the  surface  of  agar 
forms  a  yellow  layer.  Upon  potato  the  growth  is  scanty  and  limited  to  the 
impfstrich,  yellow  in  color. 

229.  SARCINA  ROSEA  (Schroter). 

Found  in  the  air. 

Morphology.— Large  cocci  in  cubical  packets  with  rounded  comers,  and 
about  eight  M  thick. 

Biological  Characters.— An  aerobic,  liquefying,  chromogenic  sarcina. 
Grows  in  the  usual  culture  media  at  the  room  temperature.  In  gelatin 
stick  cultures  liquefaction  occurs  rapidly,  and  old  cultures  acquire  a  red 
color,  which  by  the  addition  of  sulphuric  acid  is  changed  to  bluish-green. 
Upon  a^ar  growth  is  slow,  and  small,  cartilaginous-lo<3dng  masses  are  de- 
veloped. Upon  ^o^a^o  an  abundant,  intensely  red  layer  is  quickly  de- 
veloped.    In  bouillon  develc^ment  is  rapid  and  a  red  sediment  is  deposited. 
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230.  SARCINA  ALBA  (Eisenberg). 

Found  in  the  air  and  in  water. 

Morpholoqy. — Small  cocci,  associated  in  pairs  or  in  tetrads. 

Biotogiccu  Chwracters. — An  aerobic y  liquefying  (very  slightly)  sarcina. 
Grows  very  slowly  at  the  room  temperature  m  the  usual  culture  media. 
Upon  gelatin  plates  forms  small,  round,  white  colonies.  In  gelatin  stick 
cultures  forms  a  white,  button-like  mass  at  point  of  puncture;  scanty 
growth  along  line  of  inoculation.  Upon  potato  grows  very  slowly  in  the 
form  of  a  yeUowish-white  layer  limited  to  tne  line  of  inoculation. 

231.  SARCINA  CANDIDA  (Reinke). 

Found  in  the  air  about  breweries. 

Morphology.— Micrococci  oi  1.5  to  1.7  /^  in  diameter,  solitary,  in  pairs,  or 
in  tetrads;  under  certain  circumstances,  as  for  example  in  nay  infusion, 
multiplication  occurs  in  three  directions,  forming  sarcina-like  packets. 

Biological  Characters.— Anaerobic,  liquefying  sarcina,.  Grows  slowly 
at  the  room  temperature  in  the  usual  culture  media.  Upon  gelatin  plates 
forms  shining  wnite,  spherical  colonies,  which  later  have  a  yellowish  color 
and  are  surrounded  by  liquefied  gelatin.  In  gelatin  stick  cultures  causes 
rapid  liquefaction  along  tne  line  of  puncture.  Upon  the  surface  of  a^ar 
forms  a  white,  moist,  shming  layer  with  smooth  margins. 

232.  SARCINA  PULMONUM  (Hauser). 

Found  in  the  sputum  of  patients  with  phthisis. 

Morphology. — ^Micrococci,  from  1  to  1.5  /i  in  diameter;  usually  associated 
in  tetrads,  but  may  form  cubical  groups  of  eight  cells. 

Biological  Cliaracters, — An  aerobic,  non-liquefying  sarcina.  Grows 
slowly  in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin 
plates  in  three  days  white,  punctiform  colonies  are  seen ;  later  these  still  re- 
main small ;  under  a  low  power  they  are  seen  to  be  coarsely  granular.  In 
gelatin  stick  cultures  the  development  is  very  scanty  along  tne  line  of  punc- 
ture ;  upon  the  surface  a  round,  sharply  defined  layer  of  a  pearl-gray  color 
is  developed;  later  this  becomes  tolerably  thick,  is  grayish-brown  in  color, 
glistening,  and  has  more  or  less  folded  and  irregular  margins.  The  growth 
upon  potato  is  very  scanty  and  is  confined  to  the  line  of  inoculation. 

This  sarcina  is  said  by  Hauser  to  form  endogenous  spores  which  may  be 
demonstrated  by  Neisser's  method  of  staining,  and  which  have  great  resistance 
to  heat.  When  cultivated  in  urine  it  causes  ammoniacal  decomposition  of 
the  urea. 

233.  SARCINA  VENTRICULI  (Goodsir). 

Found  in  the  contents  of  the  stomach  of  man  and  animals. 

3/orp^/oflf^.— Spherical  or  slightly  oval  cells,  about  2.5/1  in  diameter; 
united  in  cuoical  groups  with  rounded  comers,  containing  eight  elements, 
and  then  associated  in  larger  **  packets." 

Biological  Characters. — An  aerobic,  non-liquefying  sarcina.  Grows 
rapidly  at  the  room  temperature  in  suitable  media.  Upon  gelatin  plates,  at 
the  end  of  thirty-six  to  forty-eight  hours,  hemispherical,  yellowish  colonies 
are  developed  upon  the  surf^e ;  these  contain  cocci  in  pairs  and  tetrads, 
but  not  in  cubical  packets.  In  Tia^  ni/ti^iou  development  occurs  upon  the 
surface  in  the  form  of  small,  brownish  scales,  while  a  brownish,  flocculent 
deposit  is  seen  at  the  bottom  of  the  tube ;  the  sarcina  form  is  well  developed. 
Upon  potato  a  dry,  colorless  strip  develops  along  the  impfstrich  in  twenty- 
four  hours;  later  this  acquires  a  chrome-yellow  color.  Upon  the  surface  of 
blood  serum  flat,  round,  pale  yellow  colonies  are  formea  along  the  line  of 
inoculation. 
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234.  MICROCOCCUS  AMYLOVORUS  (Burrill). 

Synonym, — ^Micrococcus  of  pear  blight. 

Found  in  the  diseased  branches  of  pear  trees  affected  with  **  blight''— 
**fire  blight"  Discovered  by  Burrill  (1878)  and  carefully  studied  bv  Ar- 
thur (1886). 

Morphology, — Oval  cells,  from  1  to  1.25  ^  lony  and  0.5  to  0.75  fi  broad; 
usually  solitMy,  often  in  x>airs,  and  occasionally  in  a  linear  series  of  four. 
In  fluid  culture  media  form  zoogloea,  which  are  spherical  or  oblong  and  may 
be  from  thirty  to  forty  fi  lon^  and  twenty  to  thirty  n  broad ;  these  zoOricDa 
masses  may  l>e  solitary,  or  united  in  pairs  or  short  chains;  they  are  founa  es- 
pecially upon  the  suriface  of  the  culture  medium,  and  after  a  time  present  a 
wrinkled  appearance,  giving  some  resemblance  to  the  external  surface  of 
the  brain. 

Biological  Characters. — An  aerobiCy  non-liquefying,  motile  micrococcus 
(bacillus?) .  Grows  in  various  media  at  the  room  temperature.  According  to 
Arthur,  this  micrococcus  exhibits  active  ** swarming  movements''  when 
undergoing  rapid  multiplication  in  a  favorable  medium :  *  *  The  bacteria  move 
rapidly  back  and  forth,  in  and  out,  among  each  other,  but  never  in  a  strai)?Iit 
line  to  any  distance.^'  An  infusion  of  potato  constitutes  a  favorable  cul- 
ture medimn.  In  this  medium,  at  a  temperature  of  25'  to  30"  C,  turbidity 
commences  in  twenty-four  hours  and  bubbles  of  carbon  dioxide  are  riven 
off;  in  forty-eight  hours  the  liquid  is  entirely  turbid  and  a  thin,  whitish  pel- 
licle has  formed  on  the  surface,  at  the  same  time  a  sediment  commences  to 
form  at  the  bottom  of  the  tube.  Upon  the  surface  of  nutrnent  gelatin  de- 
velopment is  very  scanty  and  scarcely  perceptible.  In  the  interior  small, 
punctif orm  colonies  are  developed ;  these  are  spherical  or  oval,  and  may  at- 
tain a  diameter  of  0.5  millimetre.  Upon  slices  of  unripe  pear,  in  two  or 
three  days,  fine  milky  drops  like  beads  of  dew  are  developed^  Upon  potato 
a  thin,  moist,  somewhat  yellowish  layer  is  developed. 

The  experiments  of  Burrill  and  of  Arthur  show  that  the  disease  kno\^Ti 
as  pear  blight  is  produced  by  applying  cultures  of  this  *  *  micrococcus  "  to 
healthy  branches  of  the  pear  tree. 


235.    ASCOCOCCUS  BILLROTHII. 
Jk  ^  Found  by  Billroth  in  putrefying 


_^^        -->,        --    CS^  flesh  infusion. 

.-^"^^^i"  ■  -^  ^'  Morphology, — Small  cocci,  united 

\'y^*^-^  in  peculiar  colonies.     Upon  the  sur- 

'-  -  I  face  of  liquid  media  form  a  cream- 

.-;  ^^  p^'^'^  ft  ^       ^^^®  layer  in  which  numerous  small, 

"  -^  \,  3    :      spherical  or  oval   masses  are   seen. 

^r-.  ^.         Under  the  microscope  these  are  seen 

\^  C  to  consist  of  a  jelly-like,  cartilaginous. 

'^  extremely    resistant   envelope    from 

W  ten  to  fifteen  /« thick ;  in  the  interior 

of  this  one  or  more  spherical  or  oval 
>,      .-["i:  masses  of  cocci  are  enclosed,  which 

■  ■S^^'\i-.}^-  are  from  twenty  to  seventy  m  or  more 

in  diameter;    uie  cocci   are   closely 
crowded  and  united  by  an  unusually 
Fio.  909.— ASCOCOCCUS  BUlrothU.  firm    and   scanty   intercellular  sub- 

stance. 
Biological  Characters, — AiSrobic.  Grows  at  the  room  temperature. 
Produces  a  strongly  alkaline  reaction  in  culture  media,  due  to  the  develop- 
ment of  ammonia.  According  to  Cohn,  a  greenish-white^  slimy  mass  is  de- 
veloped upon  slices  of  beet,  and  in  the  juice  of  the  sugar  beet  it  produces  a 
slimy  fermentation. 


^s-  -.-^-^ 
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236.   LEUCONOSTOC  MESENTER0IDB3  (Cienkowski). 

Synonyms, — Froschlaichpilz;  Pilz  der  Dextranffarung. 

Found  upon  the  beet  juice  and  the  molasses  of  sugar  factories,  where  it 
develops  as  large,  jelly-like  masses  resembling  frog  spawn ;  also  upon  raw 
or  cooked  carrots  or  sugar  beets. 

Morphology.— The  reproductive  elements  are  spherical  or  oval,  and  from 
1.8  to  2  ;<  in  diameter;  they  consist  of  a  firm,  membranous  envelope  with 
shining  contents.  When  these  germinate — according  to  Van  Tieghem— the 
external  layer  of  the  cell  wall  is  ruptured  in  an  irregular  way  and  a  middle 
layer  is  extruded  to  form  a  thick,  jelly-like  envelope,  while  the  inner  layer 
remains  in  contact  with  the  protoplasmic  contents  of  the  cell ;  the  cell  and 
its  envelope  then  become  elon^ted  and  binary  division  of  the  reproductive 
element  occurs;  this  process  is  repeated  in  the  ses^ments,  and  as  a  result  a 
chain  of  spherical  elements  enclosed  in  a  sausage-shapcKl  mass  of  jelly  is  de- 
veloped ;  later  the  chains  become  curved  and  break  up  into  longer  or  shorter 
fragments,  which  are  enclosed  in  an  irregular  gelatinous  mass ;  these  zoog^ 
loea  crowded  together  form  small  masses  having  a  parenchymatous  struc- 
ture ;  these  adhere  to  each  other  when  they  come  in  contact,  and  when  dis- 
tributed in  a  liquid  may  be  brought  together  by  shakinsf  to  form  a  large, 
jelly-like  mass  which  has  apparently  been  developed  bv  the  process  of  shak- 
ing, as  the  smaller  masses  suspended  in  the  fluid  could  not  readily  be  seen. 
The  zoogloea  masses  have  a  cartilage-like  consistence  and  can  l>e  cut  into 
sections  with  a  razor.  The  jelly  is  hyaline,  but  in  beet  juice  often  has  a  gray- 
ish color  from  the  presence  of  impurities  attached  to  its  surface.  When 
treated  with  a  solution  of  haematoxylon  it  acquires  a  brown  color.  After 
some  time  the  lelly  is  dissolved,  and  the  cocci  are  set  free  and  in  a  suitable 
medium  again  develop  zoogloea.  Van  Tieghem  has  demonstrated  the  forma- 
tion of  spores.  These  are  formed  when  conditions  are  no  longer  favorable 
for  the  development  of  the  vegetative  cells ;  here  and  there  a  cell  in  a  chain  is 
seen  to  increase  in  dimensions,  and  in  the  interior  of  this  mother  cell  a  con- 
siderable number  of  refractive  spores  are  developed. 

Biological  Characters.  —This  coccus  is  aerobic.  It  is  readily  cultivated 
in  liquid  media  containing  glucose.  According  to  Van  Tieghem,  it  appro- 
priates erape  sugar  directly  and  cane  sugar  indirectly — i.e.,  after  it  has  teen 
changed  into  grape  sugar  by  a  ferment  produced  by  the  coccus.  Development 
is  very  rapid  under  favorable  conditions.  Thus  Durin  reports  that  a  wooden 
tub  in  which  beet  juice  had  been  kept,  and  upon  the  walls  of  which  a  thin, 
slimy  mass  of  this  microorganism  remained  attached,  was  filled  with  a  neu- 
tral solution  of  molasses  containing  ten  per  cent  of  sugar.  At  the  end  of 
twelve  hours  the  entire  contents  of  the  tub  nad  been  changed  into  a  compact, 
jelly-like  mass  by  the  development  of  Leuconostoc  mesenteroides.  The 
chemical  formula  for  the  jelly  is  CisHioOio. 
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IX. 

NON-PATHOGENIC  BACILLI. 

A.  ChronwgeniCy  Non-Liquefying  Bacilli. 

237.   BACTERIUM  LUTKUM  (List). 

Found  in  water. 

Morpholoay. — ^Elliptical  cells  from  1.1  to  1.3  yi  lon^. 

Biological  Characters.^ Axi  aerobic,  non4iquefyi7ig,  non-motile,  chro- 
mogenic  bacillus.  Produces  an  orange-yellow  pigment  soluble  in  water, 
alcohol,  and  ether;  not  changed  by  alkalies,  but  at  once  destroyed  by  acids. 
Grows  at  the  room  temperature  in  the  usual  culture  media.  iJpon  gelaiin 
plates  forms  irregular  colonies  upon  the  surface,  of  slimy  consistence  and 
orange-yellow  in  color  ;  under  a  low  power  these  are  seen  to  consist  of  many 
cluVshaped,  coarsely  granular,  zoogloea  masses,  each  one  of  which  is  made 
up  of  several  segments.  In  gelatin  stick  cultures  development  occurs  slowly 
along  the  line  of  puncture  and  an  orange-yellow  layer  forms  on  the  surface. 
In  milky  at  30°  C,  a  layer  forms  upon  the  surface  in  from  twenty-four  to 
thirty  hours,  and  the  milk  below  has  a  pale-yellow  color;  later  coagulation 
of  the  casein  occurs. 

238.  BACILLUS  AURANTiACUS  (Frajikland). 

Found  in  well  water. 

Morphology. — Short,  thick  bacilli  which  vary  greatly  in  their  dimensions ; 
sometimes  associated  in  pairs;  often  grow  out  into  long  filaments. 

Biological  Characters. — An  aerobic ,  non-liquefying,  slightly  m^tUe, 
chromogenic  bacillus.  Forms  an  orange-colored  pigment.  Grows  at  the 
room  temperature  in  the  usual  culture  media.  Upon  gelatin  plates  the  super- 
ficial colonies  are  homogeneous,  opaque,  elevated  masses  of  a  pale-orange 
color;  the  deep  colonies  spherical  and  granular.  In  gelatin  stick  cultures 
scarcely  any  development  occurs  along  the  line  of  puncture ;  upon  the  sur- 
face a  shining,  orange-colored  layer  is  formed.  Upon  agar  a  similar  devel- 
opment occurs.  Upon  potato  the  growth  is  limited  to  the  line  of  inoculatiou 
and  is  of  shining,  orange-red  color. 

239.  BACILLUS  BRUNNEUS  (Adametz). 

Found  in  water. 

Morphology. — Small,  slender  bacilli. 

Biotogiccu  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Forms  a  brown  pigment.  Forms  spores. 
Grows  in  the  usual  culture  media  at  the  room  temperature.  U^n  gelatin 
plates  the  superficial  colonies  appear  as  little  drops  of  slimy  consistence,  but 
not  viscid ;  under  a  low  power  they  are  at  first  white  and  opaque,  with  circu- 
lar contour ;  later,  in  ten  to  fourteen  days,  they  are  gray,  ana  a  brown  color 
is  given  off  from  the  lower  surface.    In  gelatin  stick  cultures  development 
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occurs  chiefly  along  the  line  of  puncture ;  upon  the  surface  a  milk-white, 
slimv  growtii  is  seen  ahout  the  point  of  puncture ;  this  becomes  about  one 
millimetre  thick  and  changes  to  a  gray  color,  while  a  brown  pigment  is 
given  off  from  its  lower  surrace  and  also  along  the  line  of  inoculation. 

240.  BACILLUS  AUREUS  (Adametz). 

Found  in  water  and  also  upon  the  surface  of  the  body  in  cases  of  eczema 
seborrhceicum — by  Unna  and  Tommasoli. 

Morphology, — Slender  bacilli,  straight  or  slightly  curved,  from  1.5  to  4  /i 
long  and  0.5  /<  broad ;  often  arrang^  in  groups  m  which  the  bacilli  lie  paral- 
lel to  each  oliier;  frequently  in  pairs  or  m  long  fllaments. 

Biological  Characters.— An  a&robiCj  nonrliquefyinQy  slightly  nwtile, 
chromogenic  bacillus.  Forms  a  golden-yellow  pigment.  Spore  production 
not  observed.  Grows  slowly  at  the  room  temperature  in  the  usual  culture 
media.  Unon  gelatin  plates  forms  small  superficial  colonies  of  irregular 
form,  whicn  at  the  end  of  eight  days  still  appear  as  small  white  points ;  these 
later  become  pale-yellow  and  finally  chrome-yellow  in  color ;  they  are  opaque, 
have  well-denned  outlines,  and  may  attain  a  diameter  of  one  to  four  milli- 
metres; they  vary  in  form,  being  round  or  elliptical,  and  later  sometimes 
sauaage-shaped.  In  gelatin  stick  cultures  development  occurs  slowly  upon 
the  surface  m  the  form  of  small,  hemispherical  colonies  crowded  together  to 
form  an  irregular,  dull-shining,  dark  chrome-yellow  layer ;  very  scanty 
growth  occurs  along  the  line  of  puncture.  Upon  potato  broad,  glistening, 
hemispherical  colonies  are  formed,  which  gradually  become  confluent  and 
form  a  dark  chrome-yellow  layer  which  in  old  cultures  acquires  a  deep  red- 
dish-brown color, 

241.  BACILLUS  PLAVOCORIACEUS  (Eisenberg). 

iS»|/noiiym.— Sulphur-yellow  bacillus  (Adametz). 

Found  in  water. 

Morphology,— Yery  small  bacilli. 

Biotogiccu  Characters.— An  aerobic^  non-liquefying^  norirmoiile^  chro- 
mogenic bacillus.  Produces  a  sulphur-yellow  pigment.  Spore  formation 
not  observed.  Grows  at  the  room  temperature.  Upon  gelatin  plates  forms 
small,  round,  sulphur-yellow  colonies,  which  under  a  low  power  are  seen  to 
be  coarsely  granular  and  have  a  brownish-yellow  centre  surrounded  by  a 
pale-yellow  marginal  zone ;  older  colonies  are  irregular  in  outline.  In  gela- 
tin stick  cultures  a  scanty,  granular,  grape-like  growth  occurs  on  the  sur- 
face and  along  the  line  of  puncture. 

242.   BACILLUS  BEROLINENSIS  INDICUS   (Classen). 

Found  in  water— of  the  Spree. 

Morphology. — Slender  bacilli  with  round  ends,  resembling  the  typhoid 
bacillus  in  form  and  dimensions;  usually  solitarv,  sometimes  united  in  pairs 
or  in  chains  of  three.  The  rods  are  surrounded  by  a  delicate,  transparent 
envelope. 

Biological  Characters. — An  aerobic,  non-liquefying,  motile,  chromo- 
genic bacillus.  Forms  an  indigo-blue  pigment  which  is  insoluble  in  water, 
alcohol,  or  chloroform,  soluble  in  cold  concentrated  hydrochloric  acid ;  is 
decolorized  by  ammonia.  Spore  formation  not  demonstrated.  Grows  rap- 
idly at  the  room  temperature  in  the  usual  culture  media.  Upon  gelatin 
plates,  at  the  end  of  three  days,  grayish-white  colonies  the  size  of  a  nin's 
nead  are  developed;  by  the  fourth  day  these  commence  to  acquire  an  inaigo- 
blue  color,  the  deep  colonies  around  the  margin  and  the  superficial  colonies 
more  in  the  centre;  the  uncolored  margins  of  the  superficial  colonies  are  ir- 
re^Iarly  bulged  and  have  a  pearly  lustre.  In  gelatin  stick  cultures  a  small, 
indigo-blue  mass  develops  at  the  point  of  puncture  at  the  end  of  twenty- 
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four  hours;  in  the  course  of  three  or  four  days  this  hecomes  a  regular  wall 
and  then  extends  slowly  over  the  surface  of  the  gelatin,  forming  a  layer 
with  irregular  outlines.  Upon  the  surface  of  agar  the  growth  is  very  charac- 
teristic; at  the  room  temperature  an  mdigo-hlue  streak  is  seen  at  the  end  of 
twenty-four  hours,  and  in  four  or  iBve  days  this  hecomes  a  tolerably  thick 
layer,  which  gradually  thins  out  at  the  edges  and  which  has  a  deep  indigo- 
blue  color;  the  surface  is  covered  up  to  within  two  or  three  millimetres  of 
the  margin  with  a  thin,  shining  laver  of  pigment  similar  to  that  seen  upon 
a  saturated  solution  of  gentian  violet.  Upon  potato,  at  the  end  of  three  or 
four  days,  an  abundant  layer,  thickest  in  the  middle  and  with  well-defined 
margins,  is  formed;  this  bias  a  deep  indigo-blue  color,  and  also  has  a  thin 
film  of  pigment  on  the  surface  when  the  potato  has  an  acid  reaction ;  when 
alkaline  a  thin,  dirty-green  layer  is  formed  without  the  film  of  pigment  on 
the  surface. 

243.  BACILLUS  CONSTRICTUS  (Zimmermann). 

Found  in  water. 

Morplwlogy. — Bacilli  with  round  ends,  from  1.5  to  6.5  /i  in  length  and 
0.75  n  thick;  the  rods  are  constricted  at  intervals  so  as  to  form  two  to  six  or 
more  segments,  which  in  stained  preparations  are  separated  by  an  unstained 
interval. 

Biological  Characters,— An  aJerdbic  and  facultative  anaerobic,  non- 
liquefying,  motile,  chromogenic  bacillus.  Forms  a  Naples-yellow  pigment. 
Spore  formation  not  observed.  Grows  slowly  at  the  room  temperature  in  the 
usual  culture  media — no  development  at  30"  C  and  above.  Upon  gelatin 
plates  forms,  in  four  to  five  days,  small,  shining  drops  of  a  Naples-yellow 
color;  the  deep  colonies  under  a  low  power  are  spherical,  granular,  and 
yellowish-gray  in  color;  they  have  weli-defined  outlines,  but  the  mamns 
are  irreguhirly  dentate.  In  gelatin  stick  cultures  development  occurs  along 
the  line  of  puncture,  and  upon  the  surface  a  layer  is  developed  which  con- 
sists of  irregular  masses  closely  crowded  together  and  which  have  a  Naples- 
yellow  color.  Upon  the  surface  of  agar  a  tolerably  thick,  shining,  Naples- 
yellow  streak  is  developed  along  the  impfstrich.  Upon  potato  after  a  time 
a  thin  layer  of  a  cadmium-yellow  color  is  developed. 

244.  BACILLUS  FLUORESCENS  AUREUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morpholoay. — Short  bacilli,  about  1.9  >u  long  and  0.74  fi  broad,  usually 
in  pairs  and  associated  in  longer  or  shorter  groups ;  have  long  terminal 
flagella. 

Biological  Characters, — ^An  aerohiCy  non-liquefying,  actively  motile, 
chromogenic  bacillus.  Forms  an  ochre-yellow  piraient.  Spore  formation 
not  observed.  Grows  in  the  usual  culture  media — best  at  the  room  tempera- 
ture. Upon  gelatin  plates  the  deep  colonies  are  small,  yellowish-white,  and 
spherical :  the  superficial  colonies  are  glistening,  yellowish-gray,  and  have 
ill-defined  margins ;  under  the  microscope  they  are  seen  to  be  thickest  in  the 
middle  and  have  irregular  outlines,  while  the  deep  colonies  are  spherical, 
pale-yellow,  and  granular.  In  gelatin  stick  cultures  a  scanty  development 
occurs  along  the  Ene  of  puncture,  which  after  a  time  acquires  a  brownish 
color;  upon  the  surface  a  thin  layer  is  developed,  which  later  becomes 
tliicker  at  the  centre  and  extends  to  the  walls  of  the  tube ;  it  has  a  yellow 
color.  Upon  the  surface  of  agar  an  abundant  ochrous  or  golden-yellow 
layer  is  develoi>ed.    Upon  potato  the  growth  is  similar  but  more  scanty. 

245.  BACILLUS  FLUORESCENS  LONGUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology. Streiight  or  slightly  curved  bacilli,  about  0.83  jit  broad,  and 
varying  greatly  in  length— from  1.45  to  14  m  and  more. 
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Bixjlogical  Characters, — An  aerobic,  non-ltqitefying,  motile^  chromo- 
genie  bacillus.  Forms  a  grayish-yellow  pigment.  Spore  formation  not 
positively  determined,  but  unstained  bodies  resembling  spores  are  seen  in 
the  rods.  The  short  bacilli  only  are  motile,  the  longer  maments  not.  Upon 
gelatin  plates  the  deep  colonies  are  small,  spherical,  and  white  with  a  green- 
ish lustre ;  under  a  low  power  they  are  seen  to  be  yellowish,  sharply  de- 
fined, and  the  interior  is  marked  by  contorted  stripes.  The  superficial 
colonies  are  at  first  quite  thin,  nearly  circular  in  form,  and  with  a  pearly 
lustre ;  they  increase  rapidly  in  size,  and  at  the  end  of  three  days  appSear  as 
yellowish-green  patches  which  may  be  as  much  as  nine  millimetres  in  dia- 
meter; the  margins  are  very  thin  and  appear  to  be  permeated  with  yellow- 
ish-white threads ;  under  a  low  power  the  superficial  colonies  are  seen  to  be 
striped  by  broad,  convoluted  bands  resemblmg  the  intestine  of  a  small  ani- 
mal. In  gelatin  stick  cvltures  a  very  thin  layer  first  forms,  which  later  be- 
comes thicker  at  the  centre  and  soon  reaches  the  walls  of  the  test  tube ;  at 
flret  it  has  a  blue  and  later  bluish-green  fluorescence.  Upon  the  surface  of 
agar  a  rather  thin  layer  is  developSl  and  the  agar  acquires  a  greenish-yellow 
color.  Upon  potato  a  thin,  gray  layer  with  a  yellowish  reflection  and 
moist,  shining  surface  extends  over  the  surface. 

246.  BACILLUS  PLUORESCENS  TENUIS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 
.     MorpTiology. — Short,  thick  bacilli  with  round  ends,  from  1  to  1.85  /<  long 
and  alx>ut  0.8  m  thick ;   one  or  both  ends  are  somewhat  pointed ;  the  rods 
are  associated  in  irregular  groups,  and  in  old  cultures  often  in  chains  con- 
taining four  to  six  elements. 

Biological  Characters,— An  aerobic,  non-liquefying,  motile,  chromo- 
genic  bacillus.  Forms  a  greenish-yellow,  fluorescent  pigment.  Bpore  for- 
mation not  determined.  Grows  rather  rapidly  in  the  usual  culture  media 
at  the  room  temperature.  Upon  gelatin  plates  thin,  shining  superficial 
colonies  are  developed,  which  are  irregularly  circular  in  outline  ana  have  a 
radiate-cleft  margin  ;  the  gelatin  acquires  a  green  color  far  beyond  their 
boundary.  In  gSatin  stick  cultures  a  thin  layer  is  formed  upon  the  surface, 
which  afterwams  becomes  thicker,  of  a  grayish-white  color,  and  extends  to 
the  walls  of  the  test  tube  in  about  four  days;  the  gelatin  acquires  a  beautiful 
yellow  color  near  the  surface ;  by  reflected  light  the  surface  growth  is  at 
first  blue  and  later  bluish-green ;  tne  line  of  puncture  is  marked  oy  a  scanty 
development  which  does  not  become  any  more  pronounced.  Upon  the  sur- 
face of  agar  a  smooth,  §ray,  shining,  and  rather  scanty  layer  is  developed ; 
the  agar  gradually  acq^uires  a  greenish  color.  Upon  potato  a  thin,  grayish- 
yellow,  snining  layer  is  developed  along  the  impfstrich ;  later  this  acquires 
a  reddish-brown  color. 

247.   BACILLUS  PLUORESCENS  NON-LIQUEPACIENS. 

Found  in  water. 

Morpholoqy, — Short,  slender  rods  with  round  ends. 

Biological .  Characters. — An  aerobic,  non-liquefying,  non-motile,  chro- 
mogenic  bacillus.  Forms  a  greenish-yellow,  fluorescent  pigment.  Spore 
formation  not  observed.  Grows  in  the  usual  culture  meaia  at  the  room 
temperature— not  in  the  incubating  oven.  Upon  gelatin  plates  forms  fern- 
shaped  superficial  colonies,  around  which  the  gelatin  has  a  pearly  lustre. 
In  gelatin  stick  cultures  very  scanty  growth  occurs  along  the  line  of  punc- 
ture ;  the  superficial  growth  has  a  fluorescent  shimmer.  Upon  the  surface  of 
agar  a  layer  is  formSi  having  a  greenish  color.  Upon  potato  a  rapidly  de- 
veloped, diffuse,  brownish  layer  is  formed,  and  the  surface  of  the  potato 
acquires  a  grayish-blue  color. 
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248.   BACILLUS  PLUORESCENS  PUTIDUS  (Flugge). 

Found  in  water. 

Morphology. — Short  bacilli  with  round  ends.  ^ 

Biological  Characters. — An  aJ&rcbic^  non-liquefying,  ax^ively  motile, 
chromogenic  bacillus.  Produces  a  greenish,  fluorescent  pigment.  Does  not 
form  spores.  Grows  in  the  usual  culture  media  at  the  room  temx)erature. 
Upon  gelatin  plates  the  superficial  colonies  are  small,  and  under  a  low  power 
they  are  seen  to  be  finely  granular  discs  with  a'  dark  centre  surrounded  by 
a  yellow  zone,  and  a  pale-gray  margin  which  is  serpentine  in  outline;  old^ 
colonies  are  dentate  and  luive  a  greenish  shimmer;  the  gelatin  around  ac- 
quires a  fi.uorescent  green  color ;  an  odor  of  trimethylamui  is  given  off.  In 
gelatin  stick  cultures  development  occurs  upon  the  surface  only,  as  a  thin, 
dirty- white  layer;  in  the  course  of  a  few  days  the  gelatin  commences  to 
acquire  a  greenish,  fluorescent  color,  most  intense  near  the  surface  and 
gradually  mding  out  below.  Upon  potato  a  thin,  slimy,  gray  or  brownish 
layer  is  develop^. 

249.   BACILLUS   ERYTHROSPORUS  (Eidam). 

Found  in  water,  in  putrefying  flesh  infusion,  etc. 

Morphology, — Slender  bacilli  with  round  ends ;  often  grow  out  into  short 
filaments. 

Biological  Charaxiters, — An  aerobic,  non-liquefying,  motile,  chromo- 
genic bacillus.  Forms  a  greenish-yellow,  fluorescent  pigment.  Forms  oval 
spores — from  two  to  eight  in  each  n lament.  Grows  at  the  room  temperature 
in  the  usual  culture  media— not  in  the  incubating  oven.  Upon  gelcUinjpiates 
forms  whitish  colonies,  which  spread  out  over  the  surface  of  the  gelatin  as  a 
wrinkled  and  furrowed  layer,  around  which  the  gelatin  acquires  a  greenish- 
yellow,  fluorescent  color;  under  a  low  power  the  colonies  are  seen  to  have  an 
f opaque,  brownish  centre  surrounded  by  a  transparent,  greenish-yeUow  mar- 
msu  zone,  an  irregular  outline,  and  the  surface  is  marked  by  indistinct,  ra- 
iating  lines.  In  gelatin  stick  cultures  an  abundant  growth  occurs  along 
the  line  of  puncture  and  upon  the  surface ;  the  gelatin  throughout  gradually 
acquires  a  fluorescent  green  color  by  transmitted,  and  a  j^ellow  color  by  re- 
flected light.  Upon  potato  a  layer  of  limited  dimensions  is  formed,  which  is 
at  first  i*^dish  in  color  and  later  nut-brown. 

250.   BACILLUS  VIRIDIS  PALLESCENS  (Frick). 

Morphology. — Bacilli  which  are  somewhat  longer  and  more  slender  than 
the  tjrphoid  bacillus ;  form  long  filaments. 

Biological  Characters. — An  aerobic^  'non-liquefying,  actively  molile, 
chromogenic  bacillus.  Produces,  in  presence  of  oxygen,  a  pale  bluish-green 
pigment,  which  later  becomes  yellowish-brown  with  a  green  fluorescence. 
Grows  biest  at  the  room  temperature.  Spore  formation  not  observed.  Upon 
greZafinf>/afe8  the  deep  colonies  are  small  and  spherical;  superficial  colonies 
flat,  witn  irregular,  well-defined  margins  and  a  granulai*  surface — similar  to 
Bacillus  virescens,  but  larger  and  of  more  rapid  development;  the  colonies  are 
green  in  color  at  first,  but  fade  out  to  a  pale  bluisn-green ;  they  are  fre- 
Quently  slightly  iridescent.  In  gelatin  stick  cultures  growth  occurs  upon 
tne  surface  only,  of  a  green  color  which  quickly  fades  out  to  a  bluish-green. 
Upon  the  surface  of  agar  the  growth  is  the  same  as  on  gelatin.  Upon  potato 
a  nut-brown,  moist  layer  is  formed,  and  the  potato  around  it  acquires  a  dirty- 
violet  color. 

251.   BACILLUS  VIRESCENS  (Frick). 

Found  in  green  sputum. 

Morphology. — Bacilli  of  about  the  size  of  the  typhoid  bacillus,  three  to 
four  times  as  long  as  broad ;  frequently  grow  out  into  long  fllanients. 
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Biological  Cfuuncters. — An  aerobic,  non-liqiiefying,  actively  motile, 
<'hroniogenic  bacillus.  Forms  a  green  pigment,  which  after  several  weeks 
becomes  yellowish-brown  and  then  dark-green  and  fluorescent.  Spore 
formation  not  observed.  Grows  best  at  the  room  temperatui^e — rather  slowly. 
JJpoTi  gelatin  plates  the  deep  colonies  are  small  and  spherical ;  the  superflcial 
colonies  are  flat,  with  irregular  but  well-defined  margins  and  a  finely  gi*an- 
ular  surface;  at  the  end  of  two  to  three  days  the  colony  and  the  surrounding 
gelatin  have  an  intensely  green  color ;  later  the  colony  liecomes  thicker,  softer, 
and  of  a  still  deeper  green  color.  In  gelatin  stick  cultures  growth  occurs  on 
the  surface  only ;  the  gelatin  acquires  a  decided  green  color.  Upon  agar  an 
abundant  development  occurs  upon  the  surface.  Upon  potato  a  nut-brown, 
moist  layer  is  formed,  and  the  potato  around  it  acquires  a  dirty- violet  color. 
In  bouillon  forms  a  layer  upon  the  surface,  which  is  with  ditticulty  made  to 
sink  to  the  bottom,  and  not  until  it  is  broken  up  by  shaking;  the  upper  por- 
tion of  the  bouillon  has  a  green  color. 

252    BACILLUS  IRIS  (Frick). 

Morphology.— Very  small,  slender  bacilli. 

Biological  Chamctei*s.  —An  aerobic,  non-liquefying,  non-motile,  chromo- 
genie  bacillus.  Pixxluces  a  fluorescent  green  color,  which  later  becomes 
yellowish-brown,  and  finally  dark-green  and  fluorescent.  Spore  formation 
not  observed.  Grows  best  at  the  room  temperature.  Upon  gelatin  plates 
forms  prominent,  whitish,  round,  sharply  defined  superficial  colonies  with 
a  smooth,  shining  surface ;  a  green  color  is  slowl v  developed.  In  gelatin 
stick  cultures  a  prominent  mass  develops  about  the  point  of  puncture ;  no 
gi-owth  along  the  line  of  puncture.  Upon  potato  a  dry,  pale-brown  layer  is 
formed.  Inoouillon  no  layer  is  formed  upon  the  surface,  and  the  bouillon 
is  not  colored 

253.  BACILLUS  Fuscus  (ZiiTimermann). 

Found  in  water. 

Morphology.— StrsLight  or  curved  bacilli  with  round  ends,  an  irregular 
contour,  here  and  there  slightly  bulging;  about  0.63 /i  in  diameter  and  of 
various  lengths. 

BiologiaU  Characters.  —An  aerobic,  non-liquefying,  nonrmotile,  chromo- 
genie  bacillus.  Forms  a  dark  chrome-yellow  pigment.  Spore  formation 
not  observed.  Gix>ws  slowly  at  the  room  temperature  in  the  usual  culture 
media— best  at  30^  C.  Upon  gelatin  pkUes  the  deep  colonies  are  punctiform 
and  yellowish-brown  in  color;  later  they  project  fix>m  the  surface  in  button 
form,  and  often  have  an  irregular,  knobby  form ;  under  the  microscope  such 
colonies  are  seen  to  be  made  up  of  smsdler,  spherical  masses.  The  deep  col- 
onies, under  a  low  power,  are  spherical  or  irregular  in  form,  granular,  and 
grayish-yellow  or  brownish -yellow  in  color;  the  superficial  colonies  have  a 
brownish-yellow  central  portion  surrounded  by  a  highly  refractive  marginal 
zone.  In  aelatin  stick  cultures  a  button-like  mass  develops  at  the  point  of 
puncture;  later  the  growth  extends  over  the  surface,  forming  a  thick, 
wrinkled  layer,  at  first  pale-yellow  and  then  chrome-yellow  in  color.  The 
growth  upon  cegar  is  similar  to  that  upon  gelatin.  Upon  potato  a  dark 
chrome-yellow,  friable  layer  is  developed. 

254.  BACILLUS  RUBEPACIENS  (Zimmermaim). 

Found  in  the  Chemnitz  water  supply. 

Jlforp^togf.v.— Bacilli  with  round  ends,  from  0.75  to  1.65^  long  and  about 
0.32  n  thick;  united  in  pairs,  or  in  chains  consisting  of  several  elements. 

Biological  Characters.— An  aerobic,  non-liquefyitig,  actively  motile, 
chronwgenic  bacillus.  Produces  a  pale-pink  pigment.  Grows  best  at  the 
r<x>m  tem{>erature.  Upon  gelatin  plates  the  aeep  colonies  are  spherical  or 
lenticular  in  form,  and  white  with  a  shade  of  yellowish-red ;   the  superficial 
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colonies  are  flat,  gfray  with  a  reddish  tint;  under  Hie  microscope  the  deep 
colonies  are  seen  to  be  granular,  spherical,  and  yellowish  or  brownish  in 
color.  In  gelatin  stick  cultures  development  occurs  alon^  the  line  of  punc- 
ture, and  upon  the  surface  a  tolerabl^r  thick,  grayish-white  layer  is  formed, 
which  later  has  a  vellowish  tint,  while  the  gelatin  around  it  has  a  bluish- 
white  lustre.  In  olS  cultures  the  gelatin  frequently  acquires  a  pale  wine 
color.  Upon  agar  a  smooth,  rather  thick,  oluish-gray  layer  is  formed. 
Upon  potato  an  abundant,  yellowish-gray  layer  is  developeSd,  which  later 
has  a  reddish-brown  color,  while  the  potato  around  it  after  forty-eight  hours 
acquires  a  pink  color. 

255.  BACILLUS  STEiATUS  FLAVUS  (Von  Besser). 

Found  in  nasal  mucus— rare. 

Aforp/ioZogfy.— Small,  thick  rods,  often  curved,  of  about  the  dimensions 
of  the  diphtheria  bacillus.  In  preparations  stained  with  methylene  blue,  has 
a  striated  appearance.  In  old  preparations  various  involution  forms  are 
seen. 

Biological  Characters. — An  aerobic,  non-liquefying,  chromogenic  bacil- 
lus. Forms  a  sulphur-yellow  pigment.  Grows  at  the  room  temperature  in 
the  usual  culture  meaia.  Spore  formation  not  observed.  Upon  gelatin 
plates  forms  thick,  dry,  granular  colonies  of  a  yellowish  color.  Upon  agar 
plates  projecting  milk-white  colonies  of  about  0.5  centimetre  in  diameter 
are  developed ;  later  these  acquire  a  sulphur^yellow  color.  I'^pon  the  sur- 
face of  agar  a  white,  thick  layer  develops  along  the  impfstrich ;  after  some 
days  this  acauires  a  sulphur-yellow  color.  Upon  potato  a  narrow,  yellow 
stripe  is  developed  along  the  impfstrich. 

256.  BACILLUS  SUBFLAVUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology. — Bacilli  With  round  ends,  from  1.5  to  Sm  long  and  about 
0.77  fi  broad ;  united  in  chains  of  several  elements. 

Biological  Characters. — An  aerobic,  non-liquefying,  motile^  chromo- 
genic bacillus.  Forms  a  pale-yellow  pigment.  Grows  best  at  the  room  tem- 
perature. Spore  formation  not  observed.  Upon  gelatin  plates  the  deep  colo- 
nies are  small,  yellowish-white,  and  spherical;  these  break  through  the 
surface  and  form  hemispherical,  yellowish- white,  shining  masses,  which 
later  extend  over  the  surface  and  have  an  irregular  outline ;  under  a  low 
power  the  surface  is  seen  to  have  a  pearly  lustre;  they  gradually  acquire  a 
dirty -yellow  color.  In  gelatin  stick  cultures  a  thin,  yellowish-gray  layer 
with  finely  dentate  margins  forms  about  the  noint  of  puncture.  Upon  the 
surface  of  anar  a  pale-yellow  layer  gradually  extends  over  the  entire  sur- 
face; the  color  gradually  becomes  darker  and  is  finally  between  a  pale 
chrome-yellow  and  yellow  ochre.  Upon  potato  a  scanty,  dull,  clay-yellow 
layer  is  formed. 

257,  BACILLUS  CYANOGENUS  (Hueppe). 

iSwTiowi^T/w.— Bacterium  syncyanum;  Bacillus  lactis  cyanogenus;  Bacil- 
lus of  blue  milk. 

Found  in  milk. 

Morphology, — Bacilli  with  slightly  rounded  comers,  from  1.4  to  4  /<  long 
and  from  0.3  toO.5  //  broad. 

Biological  Chara>cters. — An  aerobic,  non-liquefying,  actively  motile^ 
chromogenic  bacillus.  Produces  a  grayish-blue  pigment.  Forms  spores, 
which  are  located  at  the  extremities  of  the  rods,  giving'  them  a  club  shape. 
Grows  ranidly  at  the  room  temperature  or  in  the  incubating  oven.  Upon 
gelatin  plates,  at  the  end  of  two  days,  small,  punctiform,  grayish-wnite 
colonies  are  developed ;  the  superficial  colonies  appear  as  slimy  drops  which 
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attain  a  diameter  of  one  to  two  millimetres ;  they  are  finely  granular,  have  a 
dirty-white  color  and  circular,  smooth  outline ;  the  gelatui  around  them  ac- 
quires a  steely  grayish-blue  shimmer.  Under  a  low  power  the  deep  colonies 
are  seen  as  round  discs  with  a  dark  centre  and  a  bi*ownish,  granular  mar- 
ginal zone  with  a  sharply  defined  dark  contour;  the  superficial  colonies  have 
a  dark-brown  centre  surrounded  by  a  grayish-brown,  and  outside  of  this  a 
narrow,  yellowish,  finely  granular  marshal  zone 

with  a  sharply  defined  contour.    In  gelatin  stick         *k/    i.  ,    ^ 

cultures  A  white  mass  develops  around  the  point      -J*'^X*^   )^J  '^  "^     '* 
of  puncture,  and  around  it  the  gelatin  acquires  a      *   •*'/>'    y/  /I  w*^'  /  >  ^ 
dark  steel-blue  color.     Upon  agar  a  grayish  layer  '*       /^        m 

is  developed-  and  the  culture  medium  acquires  a 

dark-brown  color  near  the  surface.     Upon  potato        fio.  sio.—Bacfflus  cyano- 
a  slim^r,  yellowish  layer  is  developed,   limited  to      genus;  at  a  the  rods  contain 
the  vicinity  of  the  impfstrich ;  around  tliis  the  jk)-      spores,   x  too.   CFiagge.) 
tato  acquires  a  diffused  grayish-blue  color.    Upon 

blood  serum  development  occurs  without  the  formation  of  pigment.  In 
milk  a  slightly  alkaline  reaction  is  produced  by  the  growth  of  this  bacillus ; 
the  casein  is  not  coagulated;  at  the  surface  and  graaually  extending  down- 
ward a  slate-blue  color  is  developed,  and  upon  the  addition  of  an  acid  this 
chan^[es  to  an  intense  blue.  In  milk  which  has  not  been  sterilized  and  which 
contains  acid-forming  bacteria  a  sky-blue  color  is  produced  without  the  ad- 
dition of  an  acid.  The  pigment  is  produced  most  abundantly  at  a  temi)era- 
ture  of  15"  to  18'  C. ;  at  25'  C.  it  is  less  abundant,  and  at  27°  C.  is  not  formed 
at  all. 

A'b^e.— Jordan  gives  an  account  of  Bacillus  cyanogenus  which  differs 
materially  from  that  above  given  by  Fliigge,  and  which  leads  to  the  belief 
that  two  or  more  diffei'ent  bacilli  have  oeen  described  under  this  name. 
Jordan's  description  agrees  tolerably  well,  however,  with  that  of  Heim.  The 
bacillus  described  by  nim  was  quite  frequently  found  in  Lawrence  sewers 
and  is  described  as  follows: 

''  Morphology.— SmaJl  bacilli  with  rounded  ends^  often  oval  in  form. 
Occur  in  chains  in  all  media,  isolated  individuals  being  quite  the  exception. 
The  chain  is  usually  long  and  its  membei's  cohere  quite  firmly.  On  no  me- 
dium has  there  been  observed  anything  resembling  spore  formation.  The 
individuals  are  about  1.3  >u  long  and  0.8  >u  broad.  Motility :  There  is  a  slight 
independent  movement  to  be  observed  in  hanging  drops.  We  have  certainly 
net  found  this  species  to  be  *  very  motile.'  Temperature :  Does  not  grow  as 
well  at  S?*'  as  at  2V  0.  Need  of  oxygen :  Grows  very  scantily  under  the 
mica  plate.  Pla^  cultures :  The  young  colonies  below  the  surface  of  the 
gelatin  are  usually  slightly  oval,  with  a  coarsely  granular  interior  and  an 
even,  regular  edge.  Often,  however,  the  colonies  nave  a  frayed,  irregular 
appearance  to  the  naked  eye,  and  with  the  microscope  show  fine  branchings 
from  the  centre.  On  coming  to  surface  the  colonies  always  spread  out  into 
a  dull,  dry  expansion  with  irregularly  hacked  edges.  Sometimes  the  colo- 
nies are  surrounded  by  a  light  blue-green  haze,  which  soon  changes  to  a 
faint  brown;  and  this  becomes  deeper  and  deeper  till  the  whole  plate  is 
colored  an  intense  dark-browii.  More  often,  however,  in  our  experience,  the 
bi"Own  color  comes  without  a  previous  development  of  the  blue.  In  slightly 
acid  gelatin  the  blue  color  comes  more  surely  and  constantly  than  in  the 
ordinary  alkaline  medium.  The  gelatin  is  not  liquefied.  Tvbes—gelatin  : 
In  about  thi'ee  days  there  is  a  thin  surface  growth,  smooth  and  faintly  lus- 
trous. The  contour  is  at  fii-st  quite  regular,  with  the  edges  only  slightly 
toothed.  There  is  only  a  slight  growth  alon^  the  inoculation  line.  The 
gelatin  near  the  surface  soon  takes  on  a  brown  tint,  and  eventually  the  whole 
tube  of  ^latin  is  colored  dark-brown.  The  blue  coloration  is  not  observed 
as  well  m  tubes  as  on  plates.  This  species  grows  fairly  well  in  acid  gelatin, 
but  not  so  well  as  in  alkaline.  In  the  former  the  brown  color  invariably  comes 
more  slowly.  Tubes— agar :  In  three  davs  there  is  a  good  surface  growth, 
white  and  lustrous.    The  agar  is  colored  dark-brown.    The  growth  itself 
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also  assumes  a  brownish  cast  Potato  culture :  A  very  rapid  growth  on  po- 
tato. In  twenty-four  hours  the  potato  is  colored  a  deep-brown  color  over 
nearly  its  whole  surface.  We  have  in  no  case  observed  a  previous  blue  color- 
ation. The  ffrowth  is  brownish,  thin,  spreading-,  and  dry.  MiUc:  The  milk 
very  slowly  oecomes  a  light-chocolate  color.  The  reaction  is  slightly  alka- 
line. Bouillon :  In  tliree  days  the  bouillon  has  become  slighUy  turbid. 
Month-old  cultures  are  a  deep  brown,  with  a  tough,  thick  skin  on  the  sur- 
face.   Effect  upon  nitrates :  Nitrates  are  slowly  reduced.'' 

Jordan  remarks:  '*This  is  undoubtedly  the  'bacillus of  blue  milk'  de- 
scribed originally  by  Hueppe." 

258.  BACILLUS  FUSCUS  LIMBATUS  (Scheibenzuber). 

Obtained  from  rotten  eggs. 

Morphology.— Short  rods,  occasionally  united  into  filaments. 

BiotogiccU  Characters, — An  aerobic  and  facultative  anaerobic ^  non- 
liquefying,  actively  motile,  chromogenic  bacillus.  Produces  a  brown  pig- 
ment. Spore  formation  not  observed.  Grows  at  the  room  tempeniture  m 
the  usual  culture  media.  Upon  gfelatin  plates  colonies  are  developed  in  the 
form  of  small  brown  masses  of  circular  outline  and  often  surrounded  by  a 
paler  marginal  zone  which  is  two  to  three  times  as  broad  as  the  brown  in- 
terior. In  gelatin  stick  cultures  a  branching  growth  is  seen  along  the  line 
of  puncture,  and  the  short  branches  are  b^t  with  small  projections;  the 
gelatin  in  the  vicinitv  of  the  line  of  growth  acquires  a  brown  color.  Upon 
the  surface  a  scanty  a.evelopment  occurs.  Ui>on  the  surface  of  agar  a  super- 
ficial layer,  beneath  which  the  medium  acquires  a  dark-brown  color.  Upon 
potato  a  brown  layer  is  developed. 

259.  BACILLUS  LATERICEUS  (Eisenberg). 

Sj^non^fm. —Ziegelroter  bacillus  (Adametz). 

Found  in  water. 

ikforp/w/ogry.— Bacilli,  from  three  to  five  times  as  long  as  broad;  grow  out 
into  short  curved  filaments. 

Biological  Characters, — An  aerobic,  non^liquefying^  non-motile,  chro- 
Tnogrenic  bacillus.  Forms  a  brick-red  pigment.  Grows  very  slowly  at  the 
room  temperature.  Spore  formation  not  observed.  Upon  gelatin  plate^t 
forms  punctiform,  brick-red  colonies;  under  a  low  power  these  are  seen  to 
be  spherical,  finely  granular,  and  brownish-red  in  color;  the  opaoue  centre 
is  surrounded  by  a  more  transparent  marginal  zone.  In  gelatin  stick  cultures 
a  tolerably  thick,  slimy,  brick-red  layer  is  developed ;  very  scanty  growth 
along  the  line  of  puncture.     Upon  potato  a  brick-red  layer, 

2G0.  BACILLUS  SPINIPERUS  (Unna). 

Found  upon  the  surface  of  the  body  in  cases  of  eczema  seborrho&icum. 

MorpJiology.— Straight  or  slightly  curv«i  baciUi,  2  M  long  and  0.8  to 
1  M  broad ;  solitary  or  in  pairs,  frequently  seen  in  irregular  groups  or  hang 
parallel  to  each  other  in  bundles. 

Biological  Characters,— -An  aSrcbic,  non-liquefying,  chromogenic  ba- 
cillus. 1^'orms  a  grayish-yellow  pigment.  Spore  formation  not  cAserved. 
Grows  rather  slowly  at  the  room  temperature.  Upon  ffelatin  plates,  at  the 
end  of  eight  days,  the  superficial  colonies  are  prominent,  shining,  skin- 
colored,  and  circular  in  outline,  from  one  to  two  millimetres  in  diameter; 
under  a  low  power  they  are  seen  to  be  irregular  in  outline,  covered  with 
coai'se  projections ;  later  finely  granular,  with  a  margin  surrounded  by  small, 
thom-nke  projections,  which  after  a  time  form  a  radiating  aureole  and 
give  the  colony  a  poreupine-like  ai)pearance.  In  gelatin  stick  cultures,  at 
the  end  of  six  days,  an  irregular,  wrinkled  layer  about  two  millimetres  broad 
is  formed  upon  the  surface ;  this  is  grayish-yellow  upon  the  folds  and  bluish 
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in  the  furrows;  as  this  extends  the  folds  become  more  prominent  and  more 
decidedly  yellow  in  color,  the  margins  are  irregular,  dentate,  and  thin; 
alone  the  line  of  inoculation  very  small,  yellowish,  punctiform  colonies  ai*e 
developed.  Upon  the  surface  of  agar  the  growth  is  similar  to  that  upon 
gelatin.  Upon  potato  development  is  very  slow ;  first  as  a  glistening,  yel- 
lowish-white line  along  the  impfstrich:  at  the  end  of  three  weeks  here  and 
there  along  this  line  small,  grayish-yellow,  glistening  masses  are  seen. 

261.  BACILLUS  EUBESCENS  (Jordan). 

Found  in  sewage  at  Lawi-ence,  Mass. 

Morphology. — Bacilli  with  round  ends,  about  4  >u  long  and  0.9  ^  broad, 
often  slightly  curved;  solitary,  in  pairs,  or  in  short  chains. 

Biological  Characters, — An  aerobic,  non-liqiiefying,  motile,  chromoge- 
nic  bacillus.  Forms  a  pale-pink  pigment.  Spore  formation  not  observed. 
Movements  slow.  Grows  best  at  the  room  temperature.  Upon  gelatin 
plates  the  deep  colonies  are  spherical  or  oval ;  on  coming  to  the  surface  they 
form  a  projecting,  porcelain- white  drop;  they  slowly  increase  in  size,  anS 
after  a  time  have  a  slight  brownish  color.  In  gelatin  stick  cultures  a  pro- 
minent porcelain- white  mass  is  formed  upon  the  surface  at  the  point  oi  in- 
oculation ;  very  scanty  growth  along  line  of  puncture ;  grows  in  slightly  acid 
gelatin.  Upon  the  «ur/ace  ofa^ar  a  white  and  lustrous  layer  is  -quickly  de- 
veloped, which  is  at  first  smooth,  but  later  becomes  wrinkled ;  in  cultures 
about  three  weeks  old  a  slight  pinkish  tinee  is  seen.  Upon  potato  the 
growth  is  rapid  and  abundant;  it  is  at  first  Tight- brown  in  color,  and  this 
gradually  changes  to  pink ;  at  the  end  of  three  weeks  there  is  a  projecting 
growth  which  has  a  delicate  flesh-pink  color;  the  potato  itself  is  not  colored. 
Milk  is  not  coagulated  and  has  an  alkaline  reaction ;  in  old  cultures  a  slight 
pinkish  tinge  is  observed  near  the  surface.  Bouillon  becomes  slightly  tur- 
bid and  a  heavy  white  precipitate  is  formed.  At  the  end  of  several  weeks 
a  thick,  tenacious  film  forms  upon  the  surface. 

262.  BACILLUS  ALLII  (GriflBths). 

<S|/?u>n2^m.— Bacterium  allii. 

Found  upon  the  surface  of  putrefying  onions. 

Morphology. — ^Bacilli  with  rouna  ends,  from  5  to  7  /<  long  and  about 
2.5  //  broad;  solitary  or  in  pairs;  form  zoo^loea. 

Biological  Characters.— An  aerobic,  chromogenic  bacillus.  Produces  a 
green  pigment  which  is  soluble  in  alcohol.  Grows  tolerably  well  on  nu- 
trient agar,  and  produces  a  bright  ^en  pellicle  on  the  surface  of  this  me- 
dium. Sulphuretted  hydrogen  is  given  off  by  the  cultures  in  small  quan- 
tities. 

B.  Chromogenic,  Liquefying  Bacilli, 

263.  BACILLUS  FULVUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology.— Short  bacilli  with  round  ends,  from  0.88  to  1.3  M  in  length 
and  0.T7  M  broad ;  solitary,  in  pairs,  or  in  chains  containing  several  elements. 

Bioloaical  Characters,— An  aerobic,  liquefying,  non-motile,  chromoge- 
nic baibillus.  Grows  slowly  at  the  room  temperature— best  at  30'  C,  Spore 
formation  not  observed.  Forms  a  gamboge-yellow-colored  pigment.  Upon 
gelatin  plates  the  deep  colonies  are  irregularly  spherical,  oval,  or  elliptica], 
granular,  and  yellowish-gray  in  color;  they  are  usually  sunx)unded  by  pale- 
yellow  patches.  The  superficial  colonies  are  reddish-yellow,  drop-like,  and 
at  the  end  of  eight  days  measure  about  one  millimetre  in  diameter.  In  gela- 
tin stick  cultures  a  prominent,  arched  mass  of  irregularly  circular  contour 
and  of  the  color  of  gamboge  is  formed  about  the  point  of  puncture ;  a  scanty 
68 
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growth  occurs  along  the  line  of  inoculation,  which  has  a  slightly  yellowish 
color;  liquefaction  commences  after  some  weeks.  Upon  the  Burfact  of 
agar  an  abundant,  glistening  layer  of  a  gamboge-yellow  color.  Unon 
potato  development  occurs  slowly  along  the  impfstrich;  the  growth  nas 
at  first  an  india-yellow  color,  whicn  later  becomes  ochre  yellow. 

264.  BACILLUS  HELVOLUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology, — Bacilli  from  1.5  to  4.5  >u  in  length  and  about  0.5/4  broad; 
usually  in  pairs,  but  also  in  chains  of  four  or  more  elements  and  in  long 
filaments. 

Biological  Characters.—  An  aerobic,  liquefying^  motile  (rotary  motion 
only),  c/iromogrcmc  bacillus.  Forms  a  Naples-veil ow  pigment.  Spore  for- 
mation not  observed.  Grows  rather  rapidly  at  the  room  temperature.  Upon 
gelatin  plates  the  deep  colonies  are  small,  spherical,  and  of  a  pale-yellow 
color;  when  they  come  to  the  surface  they  form  a  prominent  pale-yellow 
drop,  which  lies  m  a  shallow  cavity.  The  superficial  colonies  for  some  time 
have  a  sharply  defined  contour  and  an  irre^lar  outline ;  by  transmitted 
light  they  have  a  dark-brown  color.  In  gelatin  stick  cultures  a  button-like 
mass  of  a  Naples-yellow  color  forms  about  the  point  of  puncture ;  this  gradu- 
ally extends  until  it  nearly  reaches  the  walls  of  the  test  tube  -  in  the  tt.ean- 
time  the  gelatin  below  is  slowly  liquefied  and  a  saucer-shapea  depression  is 
formed ;  liquefaction  progresses  very  slowly.  Upon  the  surfa^ce  of  agar 
an  abundant  layer  of  a  Naples-yellow  color  is  developed.  Upon  potato  a 
tolerably  thick  and  abundant,  i&ining,  yellow  layer,  which  frequently  has 
a  shade  of  green. 

265.  BACILLUS  OCHRACEUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology. — Bacilli  with  round  ends,  from  1.25  to  4.5  /i  long  and  from 
0.65  to  0.75  //  broad;  usually  in  pairs,  or  in  chains  containing  several  ele- 
ments, also  in  long  jointed  filaments.  In  stained  preparations  a  capsule-like 
envelope  may  often  be  seen. 

Biological  Characters. — An  aerobic,  liquefying,  niotile,  chromogenic 
W;illus.  Forms  an  ochre-yellow  pigment.  Spore  K>rmation  not  observed. 
Motions  slow  and  serpentine.  Grows  rather  slowly — best  at  the  room  tem- 
perature. Upon  gelatin  j^lates  forms  small,  pale-yellow,  splierical  colonies, 
which  gradually  increase  in  size  and  cause  the  gelatin  above  them  to  become 
liquefi^,  so  that  they  lie  at  the  bottom  of  a  saucer-shaped  cavity;  here  the 
color  is  more  intense  and  becomes  a  golden  ochrous  yellow ;  later  the  yel- 
low mass  extends  in  diameter,  and  is  of  a  paler  vellow  color  at  the  mar- 
gin than  at  the  centre.  Under  a  low  power  the  cmonies  are  seen  at  first  as 
^mnular,  yellowish-brown  discs  ;  later  they  are  covered  with  wart-like  pro- 
jections, la  gelatin  stick  cultures  liquefaction  occurs  at  first  in  funnel 
form,  and  when  it  extends  to  the  walls  of  the  tube  it  gradually  prepresses 
downward ;  a  pale-yellow  deposit  is  seen  at  the  bottom  of  the  liquefied  gela- 
tin, which  later  acquires  an  ochrous-yellow  tint.  Upon  the  surface  of  agar 
an  ochrous-yellow  layer  is  formed,  which  at  the  end  of  four  to  six  weeks 
has  a  breadth  of  about  six  millimetres  at  the  lower  portion  of  the  impfstrich. 
Upon  potato  a  thin,  ochrous-yellow  layer  is  developed. 

%^(S.  BACILLUS  PLiCATUS  (Zimmermann). 

Found  in  the  Cliemnitz  water  supply. 

Morphology. — Small,  thin  bacilli  with  rounded  ends,  about  0.48 /<  {0  in 
length  and  0.45  //  broad;  usually  in  pairs,  but  also  in  chains  of  four  or  more 
elements. 

Biological  Characters.— An  aerobic,  liquefying,  non-motile,  chromo- 
genic  bacillus.     Forms  a  grayish-yellow  pigment.     Spore  formation  on 
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observed.  Grows  best  at  tbe  room  temperature.  Upon  gelatin  plates  small, 
yellowish- white  colonies  of  irregular  form  are  developed  beneath  the  surface, 
which  under  a  low  power  are  seen  to  present  hemispherical  projections ; 
when  they  break  through  the  surface  they  have  a  mulberry-like  appearance 
and  yellowish-white  color.  In  gelatin  stick  cultures  a  wrinkled,  yellowish- 
white  layer  with  irregular  contour  is  developed;  at  the  end  of  one  or  two 
weeks  it  is  depressed  and  the  ffelatin  gradually  undergoes  liquefaction :  an 
abundant  development  of  small,  granular,  yellowish- white  colonies  occurs 
along  the  line  of  puncture.  Upon  potato  a  thin  layer  is  formed,  which 
soon  becomes  dry  and  friable  and  has  a  grayish-yellow  color. 

267.    BACILLUS  JANTHINUS  (Zopf). 

Synonym. — ^Violet  bacillus. 

Found  in  water  and  in  sewage  (at  Lawrence,  Mass.). 

Morphology, — Very  small,  slender  bacilli,  often  associated  in  short  fila- 
ments; about  2  fjt  long  and  0.5  to  0.6  /«  broad. 

Biological  Characters, — An  aerobic,  liquefying,  motile,  chromogenic 
bacillus.  Forms  a  bluish-violet  pigment.  Spoi-e  formation  not  obsei*ved. 
Grows  best  at  the  room  temperature.  Upon  gelatinplates  the  deep  colonies 
are  spherical  or  oval,  with  an  even  contour;  upon  coming  to  the  surface 
they  spi^ead  out  as  a  broad,  irregular  expansion  with  deeply  notched  edges ; 
these  superficial  colonies  are  at  first  thin,  but  later  increase  in  thickness;  a 
deep- violet  color  soon  appears,  sometimes  near  the  centre  of  the  colony, 
sometimes  around  its  edges;  the  gelatin  is  very  slowly  liquefied.  In  gelatin 
stick  cultures  a  scanty  growth,  without  color,  is  developed  along  the  line  of 
puncture,  and  a  thin,  violet-colored  layer  upon  the  surface.  The  gelatin  is 
slowly  liquefied,  and  an  abundant  violet-colored  precipitate  is  seen  at  the 
bottom  or  the  liquefied  gelatin  in  old  cultures.  Upon  the  surface  of  agar  a 
rather  tough  and  coherent  layer  is  developed,  which  has  a  dark-violet  color. 
Upon  potato  ihB  development  is  rapid  and  covers  the  entire  surface;  the 
growth  frequently  has  a  beaded  appearance,  and  the  membranous  growth  is 
with  difficulty  detached  from  the  surface;  it  has  a  black-violet  color.  In 
milk  an  abundant  development  occurs  without  producing  coagulation,  and 
causing  it  to  acquire  a  violet  color.  Reduces  nitrate  to  nitrite  very  rapidly 
and  completely.     (Above  characters  given  by  Jordan.) 

268,  BACILLUS  vioLACEUS  LAURENTius  (Jordan). 

**  Found  in  large  numbers  in  the  effluent  of  Tank  1 "  at  Lawrence,  Mass. 

Morphology,— ^Ba^iWi  with  round  ends,  from  3  to  3.6  A  long  and  0.7  /« 
broad;  often  inpairs,  and  sometimes  in  chains  of  four  or  five  elements. 

Biological  Characters, — An  aerobio  a,nd  facultative  anaerobic,  liquefy- 
ing,  actiwly  motile  bacillus.  Produces  a  dark- violet  pigment.  Spore  for- 
mation not  observed.  Grows  best  at  the  room  temperature.  Upon  gelatin 
plates  the  deep  colonies,  at  the  end  of  two  days,  are  small,  spherical,  and 
coarsely  granular;  they  usuallv  have  a  radiating  margin  and  a  dark  centre ; 
upon  coming  to  the  surface  a  thin,  irregular  expansion  occurs  and  the  gela- 
tin is  auickly  liquefied  in  the  vicinity  of  the  colony ;  at  the  centre  a  violet- 
colorea  spot  is  seen,  and  around  this  a  zone  of  slightly  clouded  liquid  gelatin ; 
liquefaction  progresses  rapidly,  but  the  central  violet  mass  does  not  mate- 
rially increase  in  size.  In  gelatin  stick  cultures  liquefaction  occurs  rapidly 
along  the  line  of  inoculation;  the  liquefied  gelatin  is  clouded  and  of  a  violet 
color,  and  an  abundant  dark- violet  precipitate  accumulates  at  the  bottom  of 
the  tube.  Upon  agar  an  abundant  aevelopment  occurs,  which  at  first  has  a 
dark-violet  color  and  later  becomes  jet-black.  Upon  potato  an  abundant 
growth  of  a  dark- violet  color  spreads  over  the  entire  surface ;  this  soon  be- 
comes jet-black,  except  near  the  edge.  In  milk  the  bacillus  develops  rapidly 
and  abundantly,  causing  rapid  coagulation  of  the  casein  and  an  acid  reac- 
tion ;  the  milk  acquires  a  deep  blue- violet  color.     In  ordinary  bouillon  the 
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violet  color  is  not  developed,  but  when  nitrates  are  added  the  growth  is  more 
luxuriant  and  a  rich  violet  color  is  produced.  Nitrates  are  reduced  to  ni- 
trites by  this  bacillus,  rather  slowly. 

269.    BACILLUS  TREMELLOIDE8  (Schottelius). 

Found  in  the  J'reiburg  water  supply  by  Tils. 

Morphology. — ^Bacilli  with  round  ends,  from  0.75  to  1  //  long  and  0.25  fi 
broad,  associated  in  friable  masses. 

Biological  Characters, — An  aJerobic,  liquefying^  chromoqenic  bacillus. 
Forms  a  golden-yellow  pigment.  Spore  formation  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  tlie 
deep  colonies  appear  as  yellow  points ;  at  the  end  of  forty-eight  nours  the 
superficial  colonies  appear  as  prominent  yellow  masses  and  the  plate  looks 
as  if  it  were  covered  with  coarse  sand ;  at  the  end  of  a  few  days  tne  colonies 
ineasure  several  millimeti*es  in  diameter  and  do  not  subseauently  increase 
in  size ;  under  a  low  power  these  are  seen  (o  be  made  up  of  cloud-like  masses 
and  have  a  yellow  or  yellowish-brown  color,  the  contour  is  smooth  or  iiTe- 
gularly  bulging:  at  the  end  of  eight  days  the  margin  is  surrounded  by  a 
golden-yellow,  slimy  layer  and  the  colony  commences  slowly  to  sink  into 
the  ^latin.  In  gelatin  stick  ciUtures  isolated,  punctiform,  yellow  colonies 
are  developed  along  the  line  of  inoculation,  and  upon  the  surface  a  colony 
which  resembles  those  upon  gelatin  plates;  at  the  end  often  to  fourteen  da  vs 
the  superficial  layer  is  slowlv  depressed  as  a  result  of  liquefaction  of  the 
underlying  gelatin.  Upon  tne  surf  ace  of  agar  a  layer  is  developed  which 
is  at  first  dry  and  granular,  later  slimv  and  of  a  golden-yellow  color.  Upon 
potato  a  yellow  layer  is  developed  which  may  attain  a  thickness  of  several 
millimetres;  after  a  long  time  the  growth  is  surrounded  by  a  golden-yellow, 
slimy  zone,  and  no  further  extension  occurs  upon  the  surface  of  the  potato. 
In  milk,  at  the  end  of  thirty-six  hours,  a  strongly  acid  reaction  is  produced 
and  the  fluid  becomes  viscid. 

270.   BACILLUS  CUTICULARIS  (Tils). 

Found  in  water. 

Morphology. — Bacilli  from  2  to  3  /i  long  and  0.3  to  0.5/«  broad;  may 
grow  out  into  short  filaments. 

Biological  Characters. — An  aerobic,  liquefying,  motile,  ehromogenic 
bacillus.  Spore  formation  not  observed.  Forms  a  yellow  pigment  The 
shorter  rods  are  slightly  motile,  the  longer  filaments  not.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  the  deep 
colonies  appear  under  the  microscope  as  brownish  discs  with  an  irregular 
but  smooth  contour.  The  superficial  colonies  are  yellowish-brown  in  color, 
with  well-defined  contour;  after  several  davs  the  centre  commences  to  he 
depressed  and  the  gelatin  is  quickly  liquefied ;  the  colony  then  consists  of  a 
membranous  film  surrounded  by  a  well-defined  zone  of  liquefied  gelatin ; 
finally  the  gelatin  of  the  plate  is  entirely  liquefied  and  these  membranous 
colomes  float  upon  the  surface.  In  gelcUm  stick  cidtures^  at  the  end  of  two 
days,  liquefaction  commences  near  the  surface  and  progresses  rapidly:  a 
membranous  layer  is  formed  on  the  surface.  Upon  potato  development  is 
slow,  in  the  form  of  a  pale-yellow  layer,  which  later  becomes  slimy  and 
dark-yellow.  In  mUk  a  pale-yellow,  niembranous  layer  is  formed  upon  the 
surface  in  from  twenty-four  to  thirty-six  hours,  and  an  odor  of  sulphuretted 
hydrogen  is  developed. 

271.   FLESH-COLORED  BACILLUS  (Tils). 

Found  in  water. 

Morpfwlogy. — Bacilli  of  2 /i  in  length  and  0.5  M  broad;  in  hangingMirDp 
cultui«es  always  seen  solitary  and  in  active  motion. 
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Biological  Characters^—An  aerobic,  liquefying,  motile,  chromogenic 
bacillus.  Forms  a  dark  flesh-colored  pigment.  Spore  formation  not  ob- 
served. Grows  at  the  room  temperature  in  the  usual  culture  media.  Upon 
gelatin  plates,  at  the  end  of  two  days,  circular  cavities  with  well-defined 
margins  and  filled  with  liquefied  gelatin  are  seen ;  under  a  low  power  the 
centre  of  the  colonies  is  seen  to  be  more  opaque  and  is  surrounded  by  con- 
centric rings,  alternately  of  lighter  and  darker  color,  while  the  marginal 
zone  is  colorless  and  appears  finely  granular.  In  gelatin  stick  cultures 
liquefaction  occurs  rapidly  along  the  line  of  puncture,  in  funnel  shape;  at 
the  lower  part  of  the  funnel  a  deposit  of  a  pale-pink  color  accumulates  and 
the  liquefaction  ceases  to  extend.  Upon  the  surface  of  agar  it  grows  rapidly 
iuid  forms  a  thick,  slimy,  pale-pink  layer.  Upon  potato  a  layer  is  formed 
which  is  first  pale  and  later  dark  flesh-colored. 

272.  BACILLUS  ARBORESCENS  (Frankland). 

Found  in  the  London  water  supply. 

Morphology.— Bacilli  with  round  ends,  about  2.5  /« long  and  0.5  /<  broad; 
often  united  in  pairs,  or  in  chains  of  three  or  four  ^^ 

elements;  also  form  long,  flexible  filaments.  /^^^^    ^ 

Biological  Characters, — An  aerobic,  liquefy-  — "^n.      ^i 

ing,  chromogenic  bacillus.    Spore  formation  not  *^ 

observed.    Oscillating  movements  only.     Grows        yiq,  8ii.~Bacfflu«  arbores- 
in  the  usual  culture  media  at  the  room  tempera-     oens,  from  a  Reiaiin  culture, 
ture.    Upon  gelatin  pkUes  the  colonies,  at  the  end      x  i,ooo.  CFnwkiand.) 
of  twenty-four  hours,  consist  of  a  thin  axial  trunk 

with  root-like  offshoots  at  both  ends;  later  the  body  becomes  thicker  and  the 
branching  extremities  are  so  strongly  developed  that  the  whole  has  the  ap- 
pearance of  a  sheaf  of  wheat;  the  naked-eye  appearance,  in  tJbis  stage,  is  also 
peculiar,  and  the  colony  is  seen  as  an  iridescent  bundle,  constricted  in  the 
middle  and  with  the  ends  striped  in- a  radial  direction;  later  the  gelatin  is 

liquefied  slowly  and  the  central  part  of  the 
colony  acquires  a  yellow  color,  while  the 
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i>eripherj  is  beautifully  iridescent.    In*  ge- 
latin stick  cultures,  by  the  second  C 


,    .,  ^  day,  an 

iridescent  layer  is  seen  on  the  surface ;  in 
the  middle  of  this  the  gelatin  is  slightly 
depressed  and  filled  with  a  semi-fiuid,  yel- 
lowish mass;  alon^  the  line  of  puncture  a 
transparent,  grayish  cloudiness  is  seen; 
liquefaction  progresses  slowly  at  the  sur- 
/  V  i^  w   J';)  vr  s  ^ace,  and  a  funnel  is  forme<i,  at  the  bottom 

of  which  the  yellow  deposit  gradually  in- 
creases; along   the    line   of   puncture  no 
Fio.  219.— Ck>loiiy  of  BaclUofl  arbo-      further  chansfes  occur.    Upon  the  surface 
rescens.  X  100.   (Frankland.)  o/ o^or  a  rather  thin,  dirty  orange  colored 

layer  is  formed,  t^e  margins  of  which  are 
slightly  iridescent  and  striped  in  a  radial  direction.  Upon  potato  a  thick, 
glistemng  stripe  of  a  deep  orange-red  color  is  formed  along  the  line  of  in- 
oculation; tlie  surface  of  this  is  covered  with  irregular  protuberances. 

273,  BACILLUS  ciTREUS  CADAVERis  (Strassmann). 

Found  in  a  cadaver  fifty  hours  after  death  from  accidental  shooting — in 
blood  from  a  vein. 

Morphology, -^OybX  bacilli,  0.9  /<  long  and  0.6  >u  broad,  usually  united  in 
chains. 

Biological  Characters,— An  aerobic,  liquefying,  non-mottle,  chromogenic 
bacillus.  Forms  a  yellow  pigment.  Spore  formation  not  observed.  Grows 
alowly  at  the  room  temperature*    Upon  gelatin  plates  forms  small,  pale- 
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yellow  colonies,  around  which  the  gelatin  is  liquefied  in  circular  form.  In 
gelatin  stick  cultures  liquefaction  occurs  at  the  surface,  with  formation  of  an 
air  bubble  at  the  surface,  a  scanty,  yellow  deposit  at  the  bottom  of  this,  clear 
liquefied  gelatin  below,  and  a  yellow  deposit  on  the  concave  floor  of  the 
liquefied  gelatin;  below  this,  along  the  line  of  puncture,  small  colonies 
are  seen.  The  cultures  give  off  an  odor  of  sulphuretted  hydrog;en.  Upon 
the  surface  of  agar  a  narrow,  yellow  layer  forms  aJon^  the  impfstnch. 
Upon  potato  a  dry,  lemon-yellow,  slightly  granular  layer  is  developed. 

274.   BACILLUS  MEMBRANACEUS  AMBTHYSTINUS   (Eifienberg). 

Found  in  a  specimen  of  well  water  from  Spalato. 

Morphology.— Short  bacilli  with  round  ends,  from  1  to  1.4  >u  long  and  0.5 
to  0.8 /i  broad ;  in  irregular  groups;  some  of  the  rods  in  stained  preparations 
show  end  staining. 

Biological  Characters. — Anaerobic,  liquefying,  non-motile,  chromogenic 
bacillus.  Produces  a  dark-violet  pigment  which  has  a  metallic  lustre. 
Spore  formation  not  determined.  Grows  at  the  room  temperature  in  the 
usual  culture  mediar~no  development  at  37.5*'  C.  Upon  gelatin  plates,  at 
the  end  of  two  to  three  days,  colonies  are  developed  the  size  of  a  poppy-seed, 
which  have  a  homogeneous,  dark- violet  color;  later  a  ring  of  liquefied  gela- 
tin forms  around  each  colony,  which  gradually  extends,  and  at  the  end  of 
one  to  two  weeks  the  entire  gelatin  is  liquefied  and  the  colonies  are  seen 
floating  upon  its  surface,  not  much  larger  than  when  liquefaction  com- 
menced. When  the  colonies  are  not  so  closely  crowded  superficial  colonies 
are  seen  at  the  end  of  three  to  four  days,  which  resemble  those  of  the  typhoid 
bacillus ;  they  have  a  yellowish-white  color  and  a  dentate  margin ;  at  the 
end  of  ten  to  fourteen  days  the  gelatin  around  these  colonies  commences  to 
soften  and  a  dark- violet  color  extends  from  the  centre  to  the  periphery;  at 
the  end  of  three  to  four  weeks  the  colonies  are  seen  floating  upon  the  simace 
of  the  scarcely  liquefied  gelatin,  as  large  violet  layers.  In  gelatin  stick  cul- 
tures a  yellowish- white  layer  with  dentate  borders  develops  upon  the 
surface,  which  at  the  end  of  ten  to  fourteen  days  b^ns  to  acquire  a  violet 
color  at  the  centre,  which  graduallyextends  to  the  periphery;  liquefaction 
occurs  slowly,  so  that  at  the  end  of  about  four  weeks  a  thick,  violet-colored 
layer  rests  upon  the  softened  and  depressed  surface  of  the  culture  medium; 
at  the  end  of  three  to  four  months  the  eelatin  in  the  tube  is  completely 
liquefied.  Upjon  the  «ur/ace  o/ agar  a  yellowish- white,  milky,  thick  layer 
is  formed,  which  commences  to  acquire  a  violet  color  at  the  end  of  eight  to 
ten  days,  and  at  the  end  of  three  to  four  weeks  is  seen  as  a  wrinkled,  dark- 
violet  layer  with  a  metallic  lustre,  which  is  easily  lifted  entire  from  the  sur- 
face of  the  culture  medium.  Upon  potato  a  dirty-yellow  or  olive-ffreen  layer 
is  slowly  formed  and  gradually  extends  from  the  line  of  inoculation.  In 
bouillon  development  is  very  slow;  at  the  end  of  several  weeks  the  dark- 
brown  bouillon  is  seen  to  have  a  violet  film  upon  the  surface  and  a  deposit 
of  the  same  color  at  the  bottom  of  the  tube. 

275.  ASCOBACILLUS  CITREUS  (Unna  and  Tommasoli). 

Found  upon  the  surface  of  the  body  of  individuals  with  eczema  sebor- 
rhccicum. 

Morphology,— Straight  or  curved  bacilli,  1.3  m  long  and  0.3  M  broad,  soli- 
tary, in  pairs,  or  in  irregular  groups. 

Biological  Characters, — An  aerobic,  liquefying,  motile^  chromogenic 
bacillus.  Produces  a  lemon-yellow  pigment.  Spore  formation  not  observed. 
Grows  in  the  usual  media  at  the  room  temperature — slowly  in  gelatin,  rapidly 
upon  agar  and  potato.  Upon  gelatin  plateSy  at  the  end  of  two  weeks,  promi- 
nent, onaque,  yellow,  punctiform  colonies  are  developed  upon  tlie  surface, 
while  the  deep  colonies  are  scarcely  visible  with  the  naked  eye;  under  a 
low  power  they  are  seen  to  be  grayish-yellow,  opaque,  sometimes  like  httle 
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drops  of  oil  and  sometimes  a  conglomeration  of  minute  spherical  masses. 
Later  the  deep  colonies  are  oval,  dark,  sharply  defined,  and  as  large  as  a 
pea;  those  nearer  the  surface  are  cone^lomerate ;  those  upon  the  surface  are 
partly  homogeneous,  pale-yellow,  ana  round;  some  show  an  opaque,  con- 
glomerate mass  in  the  centre,  with  a  more  transparent,  yellowish-^reen 
marginal  zone;  some  have  a  form  resembling  that  of  Saturn  with  its  nngs. 
In  gelatin  stick  cidturea  A  slimy,  thick,  lemon-yellow  layer  develops  upon 
the  surface;  this  is  gradually  depressed  in  the  middle,  while  the  margins  re- 
main elevated  and  granular;  along  the  line  of  puncture  small  colonies  are 
developed  which  form  a  funnel  above ;  at  the  end  of  five  to  six  weeks  the 
gelatin  in  the  funnel,  when  shaken,  appears  pap-like,  and  the  layer  floats 
upon  its  surface,  while  some  greenish  flocculi  are  seen  below.  Upon  the 
surface  of  agar  development  is  rapid  and  the  entire  surface  is  covered  within 
a  few  days;  below,  the  layer  consists  of  an  abundant  jelly-like  growth, 
covered  with  protuberances  resembling  drops  of  honey ;  above,  it  has  an 
oran^  color  and  creamy  consistence,  and  is  covered  with  numerous  small, 
spherical  or  oval  masses.  Upon  potato  a  slimy,  lemon-yellow  layer  is 
<iuickly  developed  and  extends  over  the  entire  surface ;  at  the  margins  this 
is  more  transparent  and  albuminous  in  appearance ;  at  the  end  of  two  weeks 
the  central  portion  has  a  greenish -yellow  color,  distributed  like  the  veins  of 
a  grape  leaf,  with  smaller,  pale-yellow  veins. 

276.   BACILLUS  CCERULEUS  (Smith). 

Found  in  water  of  the  Schuylkill  River. 

Morphology. — Bacilli  from  2  to  2.5  ja  long  and  0.5  tt  broad,  frequently  as- 
sociated in  chains. 

Biological  Characters. — An  aerobic,  liquefying,  chromogenic  bacillus. 
Produces  a  beautiful  blue  pigment.  Spore  formation  not  observed.  Grows 
slowly  at  the  room  tempei*ature.  Upon  gelatin  plates  forms  superficial  colo- 
nies having  a  blue  color,  around  which  the  gelatin  is  liquefied.  In  gelatin 
stick  cultures  cup-shaned  liquefaction  occurs  at  the  surface  and  a  blue  color 
is  developed,  while  below  a  scanty,  colorless  growth  occurs  along  the  line  of 
puncture.  Upon  the  surface  of  agar  a  bluish  layer  is  formed.  Upon  po- 
tato at  first  a  beautiful  dark-blue  layer,  which  later  acquires  an  intense 
blue-black  color. 

277.    BACILLUS  FLUORESCENS  LIQUEFACIENS. 

Found  in  water  and  in  various  putrefying  infusions — very  common. 

Morphology. — Short  bacilli,  in  pairs  with  a  constriction  at  the  point  of 
junction. 

Biological  Characters. — An  a^rvbic,  liquefying^  motile,  chromogenic 
bacillus.  Forms  a  greenish-yellow,  fluorescent  pigment.  Spore  formation 
not  observed.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
Upon  gelatin  plates  wliitish  colonies  are  developed  upon  the  surface,  which 
may  attain  a  diameter  of  three  millimetres;  a  ring  of  liquefied  gelatin  forms 
around  each;  under  a  low  power  the  colonies  are  seen  to  have  a  sharp  con- 
tour and  irregularly  circular  outline,  a  dark-brown,  finely  granular  centre 
surrounded  by  a  finely  gi'anular  marginal  zone  of  a  yellow  color,  which  be- 
comes more  transparent  and  grayish- white  toward  the  edge;  the  gelatin 
gradually  acquires  a  greenish  tint.  In  gelatin  stick  cultures  a  whitish 
g-rowth  occurs  along  the  line  of  puncture ;  a  small  funnel  of  liquefied  eelatin 
IS  first  seen  near  tlie  surface,  and  this  has  an  air  bubble  above ;  gradusdly  the 
liquefaction  extends  to  the  walls  of  the  test  tube  and  also  in  a  downward 
direction,  forming  a  superficial  layer  of  liquefied  gelatin,  upon  the  floor  of 
which  a  thick  white  deposit  is  formed ;  the  gelatin  below  this  has  a  green- 
ish-yellow fluorescence  and  the  liquefied  grelatin  also,  although  less  pro- 
nounced. Upon  2>o^afo  an  abundant  brownish  layer  is  developed  along  the 
line  of  inoculation. 
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278.   BACILLUS  FLUOBBSCENS  LIQUEPACIKNS  MINUTISSIMUS 

(Unna  and  Tommasoli). 

Found  upon  the  surface  of  the  body  in  cases  of  eczema  seborrhoeicum. 
Possibly  identical  with  the  previously  described  species. 

Morphology. — Bacilli  with  round  ends,  usually  constricted  in  the  middle, 
from  1.5  to  2  i«  long  and  0.3  /i  broad ;  often  united  to  form  filaments. 

Biological  Characters. — An  aerobic  &nd  facultative  anaerobic,  liquefy- 
ing, mottle^  chromogenic  bacillus.  Forms  a  greenish-vellow,  slightly  fluo- 
rescent pigment.  Forms  spherical  spores.  Grows  rapidly  in  the  usual  cul- 
ture media  at  the  room  temperature.  Upon  gelatin  plates,  at  the  end  of 
three  to  four  days,  the  colonies  consist  of  an  outer  yellowish- white  zone  of 
transparent,  liquefied  gelatin  and  a  thick,  pale-brown  centre  which  is  made 
up  of  g'rayish  efranular  material.  In  gelatin  stick  cultures,  at  the  end  of 
three  days,  a  broad  funnel  of  liquefied  gelatin  is  formed  above,  which  is 
about  one  centimetre  deep  and  five  millimetres  in  diameter  at  the  surface; 
the  liquefied  gelatin  is  clouded,  fi^reenish-yellow,  and  contains  some  whitisli 
floccuti,  while  a  thick  whitish  deposit  accumulates  at  the  bottom ;  at  the 
end  of  eight  days  the  gelatin  is  entirely  liquefied  and  a  thick,  opaque,  gray- 
ish-yellow, fiuorescent  layer  fioats  upon  the  surface.  Upon  the  surface  of 
agar  a  slimy,  moist,  smooth,  pale-brown  layer  is  developed.  Upon  potato 
a  broad,  compact,  fiat  layer  is  quickly  developed ;  this  has  a  pale-brown 
color  and  elevated,  sharply  defined  margins;  the  potato  acquires  a  dark 
color. 

279.    BACILLUS  FLUORESCBNS  NIVALIS   (Schmolck). 

Found  in  ice  water  and  snow  from  Norwegian  glaciers.  (Probably  iden- 
tical with  No.  277.) 

Morpholoqy. —^hort  bacilli,  often  united  in  chains. 

Biological  Characters, — An.  aerobic  liquefying,  motile,  chromogenic 
bacillus.  Forms  a  bluish-green,  fluorescent  pig^ment.  Spore  formation  not 
observed.  Upon  gelatin  plates  whitish,  nunctiform  colonies  are  formed, 
which  spread  out  upon  the  surface  as  rouna  discs  and  cause  liquefaction  of 
the  surrounding  gelatin;  the  non-liquefied  gelatin  in  the  vicinity  acquires  a 
bluish-green  fluorescence.  In  gelatin  stick  cultures  liquefaction  occurs  in 
funnel  form,  and  the  liquefied  ^latin  acquires  a  greenish  fiuorescenoe  like 
that  of  Bacillus  liquefaciens  nuorescens.  Upon  the  surfo/ce  of  agar  a 
whitish  layer  is  formed  and  the  culture  medium  acquires  a  fluorescent  color. 
Upon  potato  a  brownish  layer  is  developed. 

280.    BACILLUS  LACTIS  ERYTHROGENES   (Hueppe). 

Synonym, — Bacillus  of  red  milk. 

Found  in  red  milk,  and  by  Baginsky  in  the  faeces  of  a  child. 

Morphology.— ^\\OTi  bacilli  with  round  ends,  from  1  to  1.4 //long  and 
from  0.3  to  0.5>u  thick;  in  bouillon  cultures  may  grow  out  into  short  fila- 
ments. 

Biological  Characters, — An  aerobic,  liquefying,  non-motile,  chromogenic 
bacillus.  Pix>duces  a  yellow  pigment  which  is  destroyed  by  acids  and  is 
developed  either  in  the  presence  or  absence  of  light;  and  a  red  pic^ent 
which  IS  absorbed  by  the  culture  medium  and  is  produced  most  abundantly 
in  an  alkaline  or  neutral  medium  in  the  absence  of  li^ht.  Does  not  form 
spores.  The  cultures  give  off  an  intense  and  disagreeable  odor.  Grows  at 
the  room  temperature  in  the  usual  culture  media— more  rapidly  at  28'  to 
35"^  C  Upon  gelatinplates  small,  spherical  colonies  are  developed,  which 
are  at  first  grayish- white  and  later  yellow  in  color;  after  a  time  the  sur- 
rounding gelatin  is  liquefied  in  saucer  shape  and  acquires  a  pale-pink  color. 
In  gelatin  stick  cultures  a  rather  thin,  round  layer  is  developed  upon  the 
surface,  which  is  at  first  whitish  and  later  yellow  in  color;    the  gelatin 
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around  it  acquires  a  pale-pink  color,  and  after  a  time  liquefaction  occurs ; 
along  the  line  of  puncture  the  development  is  scanty ;  at  the  end  of  ten  to 
twelve  days  a  slightly  clouded,  pink  liquid  is  seen  at  the  upper  part  of  the 
test  tube,  in  which  well-defined  yellow  colonies  are  suspended,  while  the 
unliquefied  gelatin  below  has  a  pink  color.  Upon  the  surface  of  agar  a 
glistening,  yellowish  layer  is  slowly  developed.  Upon  pofato  development 
IS  more  rapid  and  an  extended  layer  is  formed,  which  is  first  gyayish- white 
and  later  yellow  in  color;  the  potato  acquires  a  dark  color  which  later 
becomes  yellowish-red;  at  37°  C,  at  the  end  of  six  to  eight  days,  an  intense 
golden-yellow  color  is  developed.  In  bouillon  development  is  rapid  and 
yellowish  cloudiness  of  the  culture  medium  is  seen.  In  milk  the  casein  is 
slowly  precipitated  and  later  is  peptonized,  with  a  neutral  or  alkaline  re- 
action of  the  medium ;  a  stratum  of  blood-red  serum  is  seen  above  the  pre- 
cipitated casein,  and  above  this  a  yellowish-white  layer  of  cream. 

281.  BACILLUS  GLAUCUS  (Maschek). 

Found  in  water. 

Morphology. — Slender  bacilli  of  various  lengths. 

Biological  Characters, — ^An  aerobic,  liquefying,  non-motilej  chrotnogenw 
bacillus.  Pi*oduces  a  gray  pigment.  Spore  formation  not  observed.  Grows 
rapidly  in  the  usual  culture  media  at  tne  ixwm  temperature.  Upon  gelatin 
plates  forms  round,  gray  colonies  with  sharply  defined  outlines;  on  the 
fourth  dav  the  centre  oecomes  intensely  gray,  the  margin  brown  and  folded 
in  a  radial  direction ;  on  the  eighth  day  liquefaction  has  occurred  and  the 
colony  sinks  beneath  the  surface.  In  gelatin  stick  cultures  development  is 
rapid  both  upon  the  surface  and  along  the  line  of  puncture;  the  entire  gela- 
tin is  quickly  liquefied  and  a  gray  deposit  is  seen  at  the  bottom  of  the  tube. 
Upon  tne  «ttr/ace  of  agar  a  gray  layer  is  quickly  developed.  Upon  potato 
the  growth  is  at  nrst  of  a  dirty-white;  later  a  slimy,  dark-gray  layer  is 
formed. 

282.  BACILLUS  LiviDUS  (Plagge  and  Proskauer). 

Found  in  the  Berlin  water  supply. 

Morphology, — Slender  bacilli  of  medium  size. 

Biological  Characters,— An  amebic  &nd  facultative  anaerobic,  liquefy- 
ing,  motile,  chromogenic  bacillus.  Produces  an  intense  blue-black  pigment. 
Spore  formation  not  observed.  Grows  slowly  in  the  usual  culture  media  at 
the  room  temperature.  Upon  aelatin  plates  the  colonies  at  first  resemble 
drops  of  ink;  the  gelatin  arouna  them  is  slowly  liquefied  and  a  bluish- violet 
deposit  is  seen  at  the  bottom  of  the  liquefied  gelatin.  In  gelatin  stick  cultures 
a  colorless  growth  is  seen  along  the  line  of  puncture  and  a  violet  layer  upon 
the  surface;  liquefaction  occurs  very  slowly.  Upon  the  surface  of  agar  a 
beautiful  blue-black  layer  is  developed.  ^  Upon  potato  an  abundant  layer  of 
a  violet  color  is  formed  along  the  line  of  inoculation. 

283.   BACILLUS  INDICUS  (Koch). 

Found  in  the  contents  of  the  intestine  of  a  monkey,  by  Koch,  while  pur- 
suing his  cholera  investigations  in  India. 

Morphology, — A  short  and  slender  bacillus  with  round  ends. 

Biotogiccu  Characters, — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing^ mottle,  chromogenic  bacillus.  Si)ore  formation  not  observed.  Produces 
a  brick-red  pigment.  Grows  rapidly  in  the  usual  culture  media — ^best  in  the 
incubating  oven.  Upon  gelatin  plates  the  deep  colonies  are  white  and 
punctiform;  under  a  low  power  tneyare  seen  to  be  granular,  irregular  in 
form,  and  of  a  greenish-brown  color.  The  superficial  colonies  quickly  cause 
liquefaction  of  the  gelatin  and  form  circular  depressions  with  a  well-defined 
outline  and  grayish  contents,  which  under  the  microscope  appear  as  dense, 
^n,elj  granu&r,  grayish-yellow  masses,  the  edges  of  wnich  appear  to  be 
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fringed  with  short  fibres;  later  the  gelatin  acquires  a  pale-red  color,  which 
gradually  becomes  more  intense.  In  gelatin  stick  cmttirea  liquefaction  Ls 
rapid  alon^  the  entire  line  of  inoculation ;  a  wrinkled,  red  film  forms  upon 
the  surface  and  grayish- white  flocculi  accumulate  at  the  bottom  of  the  lique- 
fied medium.  Upon  the  mirface  of  agar  an  abundant  layer,  covering  the 
entire  surface,  is  quickly  developed  in  the  incubator;  this  usually  acquires 
a  brick-red  color,  but  the  margins  of  the  layer,  or  even  the  entire  growtli, 
may  remain  colorless,  especially  in  cultures  kept  in  the  incubating^  oven. 
\]^n potato  development  occurs  very  rapidly  along  the  line  of  inoculation; 
this  soon  acquires  the  characteristic  color.  Blood  serum  is  liquefied  by  this 
bacillus.  Large  quantities  (twenty  cubic  centimetres)  of  a  pure  culture  in- 
jected into  a  vein  or  into  the  peritoneal  cavity  of  a  rabbit  or  ^iuea-pig 
cause  the  death  of  the  animal  in  from  three  to  twenty  hours;  at  the  autopsy 
an  intense  gastro-enteritis  i%  found. 

284.   BACILLUS  PRODIGIOSUS. 

Synonyms.-^Micrococcus  prodigiosus;  Monas  prodigiosa. 

This  bacillus  has  lon^  been  known,  having  attracted  attention  because  of 
the  blood-red  stains  which  it  causes  upon  farinaceous  substances,  such  as 
boiled  potatoes,  moist  bread,  etc.  It  was  described  by  Ehrenberg  under  tbe 
name  of  Monas  prodigiosa.  At  times,  in  certain  parts  of  Europe,  it  has 
been  exceptionally  abundant,  and  the  bloody-lookins:  patches  produced  by 
its  rapid  cleveldpment  upon  favorable  media  have  been  regarded  with  ap- 
prehension by  the  superstitious. 

Mo7*phology. —ShoH  bacilli  with  rounded  ends,  which  are  sometimes  so 
short  as  to  be  scarcely  distinguishable  from  micrococci,  but  also  occur  as 
rod-shaped  cells  and  short  filaments;  frequently  in  pairs  and  occasionally  iu 
chains  containing  ten  or  more  elements — especially  in  acid  media. 

Biological  Characters, — An  aerobic  and  facultative  anaJerdbic,  liquefy- 
ing, usually  nonniotile,  chromogenic  bacillus.  Although  usually  described 
as  non-motile,  this  bacillus  is  said  under  certain  circumstances  to  be  capable 
of  spontaneous  movements.  According  to  Schottelius,  these  are  best  seen 
when  it  is  cultivated  in  strongly  diluted  liquid  media  and  under  unfavoi*- 
able  conditions  of  ^[rowth.  Forms  a  red  pigment  which  is  soluble  in  alcohol 
and  ether,  but  not  m  water;  this  is  only  formed  in  presence  of  oxygen;  it  is 
changed  to  a  pale-red  color  by  the  action  of  acids,  and  the  deep- red  color  is 
I'estored  by  ammonia  and  other  strong  alkalies.  The  pigment  is  not  seen  iu 
the  interior  of  the  bacterial  cells,  but  the  chromogenic  substance  formed  by 
them  develops  the  color  outside  of  the  cells,  where  it  is  seen  in  the  form  of 
granules.  The  formation  of  pigment  is  infiuenced  not  only  by  the  presence 
of  oxygen,  which  is  essential  to  its  production,  but  also  oy  conditions  re- 
lating to  temperature,  constitution  of  the  culture  medium,  etc.  By  continu- 
ous cultivation  in  the  incubating  oven  a  non -chromogenic  variety  may  be 
obtained,  and  the  same  result  is  obtained  by  continuous  cultivation  in  acid 
bouillon.  But  under  favorable  conditions  color  production  agaiii  returns 
after  a  few  successive  transplantations  upon  potato  or  nutrient  agar,  if  the  cul- 
tures are  kept  at  the  room  temperature  and  freely  exposed  to  the  air.  Spore 
formation  lias  not  been  observed,  but  this  bacillus  retains  its  vitality  for  a 
loiiff  time  in  a  desiccated  condition.  Cultures  give  oflp  a  strong  odor  of  tri- 
iiiethylamiii ;  and  in  culture  media  containing  sugar,  fermentation  occui-s 
with  pr(xiuction  of  alcohol  and  carbon  dioxide.  This  bacillus  grows  rapidly 
in  the  ordinary  culture  media — best  at  the  room  temperature  or  a  little 
above  (25^  C).  Upon  gelatin  joZaie«  small,  white,  punctiform  colonies  are 
developed  below  the  surface,  and  upon  the  surface  round,  granular  colonies 
which  quickly  cause  liquefaction  of  the  gelatin ;  saucer-like  depressions  are 
produced,  at  the  bottom  of  which  the  colony  is  seen  as  a  whitish  mass  which 
later  acquires  a  deep-red  color,  first  appearing  at  the  centre.  In  gelatin 
stick  cultures  liquefaction  auickly  (x*cui*s  along  the  entire  line  of  inoculation 
and  rapidly  extends  until  the  medium  is  completely  liquefied ;  pigment  for- 
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mation  occurs  at  the  surface  only,  but  after  a  time  the  entire  medium  is 
colored  red  by  the  deposition  of  g^ranular,  colored  masses  from  the  surface 
growth.  Upon  the  8urf<ice  of  agar  an  abundant  purplish-red  layer  is 
formed,  but  the  color  is  not  absorbed  by  the  culture  medium.  Upon  potato 
\erj  rapid  and  abundant  development  occurs  at  the  room  temperature, 
forming  a  thick,  purplish-red  layer  which  after  some  days  has  the  color  of 
undissmved  fuchsm  and  a  metallic  lustre.  Blood  serum  is  liquefied  by  this 
bacillus.  In  miUc  the  development  of  BacDlus  prodigiosus  causes  a  precipi- 
tation of  the  casein  and  a  deep-red  color  of  the  medium.  When  cul- 
tivated for  some  time  in  acid  media  the  peptoniadng  (li(][uefying)  power  of  the 
bacillus  is  greatly  reduced,  as  well  as  its  chromogenic  power.  It  has  been 
showa  by  Koger  that  animals  which  are  not  Susceptible  to  the  disease 
known  as  malignant  oedema,  become  infected  and  die  when  inoculated  with 
the  malignant-^ema  bacillus  and  at  the  same  time  with  one  or  two  cubic 
centimetres  of  a  culture  of  Bacillus  prodigiosus.  But  this  bacillus  alone  has 
no  decided  pathogenic  power.  An  interesting  discovery  made  by  Pawlowsky 
is  the  fact  tnat  when  rabbits  are  inoculated  simultaneously  with  a  virulent 
culture  of  the  anthrax  bacillus  and  with  a  culture  of  Bacillus  prodigiosus 
they  recover  from  the  inoculation,  the  chemical  products  of  one  bacillus 
having  apparentlv  the  power  to  neutralize  the  toxic  substances  to  which  the 
other  owes  its  pathogenic  potency. 

285.  BACILLUS  MKSENTERICUS  RUBER. 

Synonym,— "Bjoiheu  Kartoffelbacillus  (Globig). 

Found  upon  potatoes. 

Morphology. — Slender  bacilli  with  round  ends,  united  in  pairs,  in  chains 
of  four,  or  in  long  filaments. 

Biological  Characters, — An  aerobic,  liquefying,  motile,  chromogentc 
bacillus.  Produces  a  reddish-yellow  or  pink  pigment.  Forms  oval  spores 
which  have  a  great  resistance  against  high  temperatures  and  germicidal 
agents.  Grows  rapidly,  especially  at  a  temperature  of  45'  C;  also  at  the 
room  temperature  in  tne  usual  culture  media.  Upon  gelatin  plates,  at  15° 
to  20"  C,  at  the  end  of  two  days  deep  colonies  are  formed  wiiich  are  spheri- 
cal and  of  a  yellow  color;  when  these  come  to  the  surface  they  spread  out 
as  a  fine  network,  around  the  margins  of  which  projecting  points  are  seen ; 
liquefaction  commences  on  the  fourth  day  and  tnis  network  vanishes,  leav- 
ing a  grayish-brown,  friable  mass  at  the  bottom  of  the  liquefied  medium.  In 
gelatin  stick  cultures,  at  the  end  of  three  or  four  days,  a  cloudy  white 
growth  is  developed  aJong  the  line  of  puncture,  and  liquefaction  occurs  in 
funnel  shape  near  the  surface ;  this  soon  exends  to  the  walls  of  the  tube  and 
downward,  and  a  thin  film  is  formed  on  the  surface.  Upon  potato,  at 
15**  C,  at  the  end  of  three  davs  the  smrface  is  covered  by  a  thin,  viscid, 
slimy,  yellowish,  finely  wrinkled  layer;  at  37**  C.  the  entire  surface  is 
covered  in  twenty-four  hours  with  a  reddish-yellow  or  pink  layer ;  in  forty- 
eight  hours  this  extends  over  the  lower  surface  of  the  potato  also,  except 
wnere  it  is  in  contact  with  the  receptacle  in  which  it  is  placed. 

286.  BACILLUS  PYOCYANUS  /?  (Emst). 

Found  in  pus  from  bandages  colored  green. 

Morphology. — Slender  bacilli  fi'om  2  to  4  ii  long— occasionally  5  to  6  fi — 
and  from  0.5  to  0.75  /*  broad;  sometimes  united  in  pairs,  or  chains  of  three 
elements. 

Biological  Characters. — An  aerobic,  liquefying,  actively  motile,  chromo- 
gentc bacillus.  Produces  a  yellowish-jjreen  pigment;  wnen  old  cultures 
are  shaken  up  with  chloroform  and  this  is  allow^  to  stand,  three  layers  are 
formed— an  upper,  clouded,  dirty-yellow  layer;  below  this  is  a  milky,  pale- 
green  layer;  and  at  the  bottom  a  transparent,  azure-blue  layer.  Score  for- 
mation has  not  been  demonstrated.     Grows  in  the  usual  culture  meaia  at  the 
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room  temperature— more  rapidly  at  ^5"  C.  Upon  gelatin  plates  colonies  are 
formed  resembling  those  of  the  well-known  naeillus  pyocyanus,  but  lique- 
faction is  more  rapid.  In  gelatin  stick  cultures  funnel- sliaped  liquefaction 
occurs  at  the  upper  part  of  the  line  of  puncture  by  the  third  day,  and  pro- 
gresses more  rapidly  than  is  the  case  with  Bacillus  pyocyanus  under  the 
same  circumstances;  on  the  fifth  day  a  bluish-green  color  is  developed;  by 
the  twelfth  day  liquefaction  has  obliterated  the  entire  line  of  growth  and 
extends  to  the  margins  of  the  tube ;  the  liquefied  gelatin  for  a  depth  of 
about  one  centimetre  has  a  dark  emerald-green  color,  and  a  film  consisting 
of  bacilli  is  seen  upon  the  surface.  Upon  the  surface  of  ctgar  a  flat,  green- 
ish-white, dry  layer  is  formed  alon^  the  line  of  inoculation,  and  the  agar 
around,  at  the  end  of  a  week,  acquires  a  bluish-green  color.  Upon  piftato, 
at  the  end  of  three  days,  an  abundant  dry  layer  of  a  fawn-brown  color  has 
developed ;  this  is  surrounded  by  a  pale-green  coloration  of  the  potato,  and 
at  points  where  the  surface  is  fissured  an  intense  dark-green  color  is  de- 
veloped; the  ffrowth  on  potato  has  a  more  or  less  wrinkled  appearance; 
when  one  of  the  fawn-colored  colonies  is  touched  with  the  platinum  needle 
the  point  touched,  at  the  end  of  two  to  five  minutes,  acquires  an  intense 
dark  leaf-green  color,  which  reaches  its  maximum  intensity  in  about  ten 
minutes,  and  has  faded  out  again  at  the  end  of  half  an  hour.  Ernst  con- 
siders this  **  chameleon  phenomenon'*  the  most  characteristic  distinction 
between  the  bacillus  under  consideration  and  Bacillus  pyocyanus.  In  viilk 
a  green  color  is  developed  at  the  surface,  the  casein  is  precipitated  and  sub- 
sequently peptonized. 

287.    BACILLUS  MYCOIDES  ROSEUS   (S<^lloll). 

Found  in  the  soil. 

Morphology, — Resembles  the  anthrax  bacillus. 

BiotogiccU  CJiaracters. — An  aerobic,  liquefying,  chromogenic  bacillus. 
Produces  a  red  pigment  when  cultivated  in  the  absence  of  light.  Snore 
formation  not  reported.  Grows  rapidly  at  the  room  temperature.  U^n 
gelatin  plates  forms  colonies  of  interlaced  filaments  which  cause  liquefaction 
of  the  surrounding  gelatin.  In  gelatin  stick  cultures  licj^uefaction  rapidly 
occurs;  a  red  layer  is  formed  upon  the  surface,  and  a  sediment  of  the  same 
color  is  seen  at  the  bottom  of  the  liquefied  medium,  but  the  gelatin  itself  is 
not  colored.  Upon  the  surface  of  agar,  in  the  dark,  a  pink  layer  is  de- 
veloped, while  in  the  light  it  is  white. 

288.  BACILLUS  ROSACEUM  METALLOIDES  (Dowdeswell). 

Morpliology. — Bacilli  from  0.6  to  0.8  >m  broad  and  about  twice  as  long. 

BiotogiccU  Characters. — An  aerobic,  liquefying,  motile  (usually  not  mo- 
tile), chroinogenic  bacillus.  Forms  a  magenta-red  pigment  which  has  a 
metallic  lustre.  Spore  formation  not  observed.  Grows  best  at  lo"*  C. ;  no 
development  at  35^^  C. ;  is  destroyed  in  five  minutes  by  a  temperature  of  55 
C.  Upon  gelatin  plates,  at  15'  C  ,  superficial  colonies  are  developed,  which 
in  the  course  of  a  few  days  are  elevated,  colorless  discs  about  two  milli- 
metres in  diameter ;  under  a  low  power  the  centre  appears  dark,  the  mar- 
gin transparent  and  granular;  later  the  colony  acquires  a  red  color  and 
liquefaction  of  the  surrounding  gelatin  occurs.  In  gelatin  stick  cultures  a 
i-ed  lay^er  is  developed  upon  the  surface,  and  later  a  broad  funnel  of  lique- 
fied gelatin  is  slowly  developed.  Upon  the  surface  of  agar  a  pale-red 
layer  is  formed.  Upon  potato,  at  15"  C,  a  thick  layer  quickly  covers  the 
entire  surface ;  this  has  al)eautiful  red  color,  especially  near  the  mai^gins. 

289.  BACILLUS  viscosus  (Frankland). 

Resembles  very  closely,  and  is  perhaps  identical  with,  Bacillus  fluores- 
cens  liquefaciens. 
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Found  in  un  filtered  river  water. 

Morphology. — Bacilli  with  round  ends,  1.5  to  2  >"  long  and  about  three  or 
four  times  as  long  as  bi'oad ;  usually  united  in  pairs. 

Biological  C^iaracters. — An  aerobic,  liquefying,  motile,  chromogenic  ba- 
cillus. Froduces  a  fluorescent  green  pigment.  Spore  formation  not  ob- 
served. Grows  rapidly  at  the  I'oom  temperature  in  the  usual  culture  media. 
Upon  gelatin  plates  the  deep  colonies  appear  under  a  low  power  as  finely 
^■anular  discs  with  a  smooth  contour ;  when  they  come  to  the  surface  the 
margin  is  fringed  and  hair-like  offshoots  extend  into  the  gelatin;  at  the 
same  time  liquefaction  occurs  around  the  colonies  and  rapidly  extends ;  each 
liquefying  colony  is  surrounded  by  a  fluorescent  pi'een  zone,  and  the  lique- 
fied gelatin  has  the  same  color.  In  gelatin  stick  cultures  liquefaction  in 
funnel  shape  is  already  seen  on  the  second  day,  and  the  liquefied  gelatin  is 
filled  with  whitish  flocculi,  while  a  slight  green  fluorescence  is  seen  near 
*the  surface;  liquefaction  progresses  rapidly,  and  a  viscid  layer  of  a  greenish- 
white  color  forms  upon  the  surface,  while  the  liquefled  gelatin  below  is  more 
or  less  clouded  and  has  a  fluorescent  green  color;  an  abundant  flocculent 
deposit  is  seen  at  the  bottom  of  the  tube.  Ui)on  the  surface  of  agar  a, 
smooth,  glistening,  greenish- white  layer  is  fonn^  along  the  line  of  inocula- 
tion and  the  agar  guickly  acquires  a  gi*een  color.  In  bouillon,  at  the  end  of 
two  days,  the  liquid  is  clouded,  and  £ter  a  thin,  gi'eenish-white  layer  forms 
uiK>n  the  surface,  while  the  bouillon  acquires  a  gi^een  color.  Upon  potato 
a  chocolate-colored,  moist-shining  layer  quickly  extends  over  the  entire 
surface. 

290.   BACILLUS  VIOLACEUS. 

First  found  in  the  water  of  the  Spree  at  Berlin,  and  since  by  Frankland  in 
the  water  of  the  Thames  and  of  the  Lea. 

Morphology, — Bacilli  with  round  ends,  about  1.7  /i  long  and  0.8  m  broad; 
usually  in  pairs;  may  gi-ow  out  into  long  filaments. 

Biological  Characters. — Anaerobic  &nd facultative  ana^obic,  liQiiefy- 
tng,  mottle,  chromogenic  haciUus,  Produces  a  dark-violet  pigment.  Forms 
oval  spores,  which  are  located  in  the  centre  of  the  rods.  Upon  gelatin 
plates,  at  the  end  of  two  days,  the  colonies  are  seen  to  be  irregular  in  out- 
line and  granular;  on  the  fourth  day  a  funnel  of  liquefied  gelatin  is  formed 
by  each  colony,  and  under  a  low  power  an  opaque  mass  surrounded  bv  con- 
voluted, filamentous  offshoots  is  seen  at  the  bottom  of  this;  later  the  funnel 
of  liquefied  gelatin  increases  in  dimensions  and  the  colony  ac(^uires  a  deep- 
violet  color.  In  gelatin  stick  cultures  liquefaction  occurs  rapidly  along  the 
line  of  inoculation  as  a  funnel-shaped  sac ;  the  liquefied  ^latin  is  clouded, 
and  a  violet-colored  deposit  is  seen  at  the  bottom  of  the  tube.  Upon  the  sur- 
face of  agar  a  smooth,  shining^  layer  of  a  deep-violet  color  is  quickly  de- 
veloped. Upon  potato  gi'owth  is  limited  to  the  line  of  inoculation  and  a 
dark- violet  stripe  is  slowly  developed.  Blood  serum  is  liquefied  by  this' 
bacillus. 

291.  BACILLUS  BULPUREUM  (Holschewnikoff). 

Morphology. — Bacilli  with  round  ends,  from  1.6  to  2.4  M  long  and  0.5  m 
broad. 

Biological  Characters.— Anaerobic  &nd  facidtative  anaerobic,  liquefy- 
ing, motile,  chromogenichajcillus.  Forms,  in  the  absenceof  oxygen,  a  iw- 
dish-brown  or  red  pigment.  Produces  sulphuretted  hydrogen  in  sterilized  urine 
and  certain  other  media  when  cultivated  in  the  absence  of  oxvgen.  Spore 
formation  not  observed.  Grows  in  the  usual  culture  media  at  tne  room  tem- 
perature— also  in  the  incubating  oven.  Upon  gelatin  plates  small,  puncti- 
form  colonies  are  developed  within  forty-eight  hours,  which,  when  they 
reach  the  surface,  cause  a  funnel-shaped  liquefaction ;  as  the  liquefaction 
progresses  very  slowly  the  liquefied  gelatin  is  dried  and  the  funnel-shaped 
cavities  are  filled  with  air.  In  gelatin  stick  cultures  small  colonies  are  de- 
veloped along  the  line  of  puncture,  and  liquefaction  in  funnel  shape  occurs 
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very  siowiy ;  in  contact  with  the  air  the  colonies  are  white;  in  the  absence 
of  oxygen  liquefaction  does  not  occur  and  the  colonies  have  a  reddish- 
brown  or  red  color.  Upon  the  surface  of  cigar ^  in  the  incubating  oven,  a 
slimy,  gray  layer  is  quicklv  developed.  Jjwyn  potato  no  growth  occun  in 
the  pi*)^sence  of  oxygen ;  when  it  is  excluded  a  reddish-brown  layer  is  de- 
veloped. In  milky  at  the  end  of  ten  days,  solution  of  the  casein  commences 
without  previous  coagulation. 

292.  BACILLUS  RUBIDUS  (Eisenberg). 

Found  in  water. 

Morphology, — Bacilli  of  medium  size,  with  blunt  ends,  often  united  in 
lonff  filaments. 

biological  Characters. — An  aerobic^  liquefying,  motile,  chromogenic, 
bacillus.  Forms  a  shining,  brownish-red  pigment.  Spore  formation  not 
observed.  Grows  very  slowly  in  the  usual  culture  media  at  the  room  tem- 
perature— not  in  the  incubator  at  37^  C.  Upon  gelatin  plates  form  spheri- 
cal, finely  granular  colonies,  which  are  of  a  reddish  color  at  the  centre  ami 
around  which  the  gelatin  is  slowly  liquefied.  In  gelatin  stick  cutfurea 
liquefaction  occurs  slowly  and  a  brownish-red  pigment  is  formed.  Upon 
the  surface  of  agar  a  brownish-red  layer  is  developed,  which  quickly  ex- 
tends over  the  surface.  A  similar  development  occurs  upon  potato — not 
limited  to  line  of  inoculation.     Blood  serum  is  liquefied  by  this  bacillus. 

Fio.  218.  Kio.  214. 

Fio.  213.— Bacterium  tenno  of  Tl^nal,  from  a  bouillon  culture.    X  1,300,    (VignaL) 
Fio.  214.— The  same  from  a  culture  fifteen  days  old.    X  1500.    (Vif^n^O 


293.   BACTERIUM   TERMO   OF  VIGXAU 

Found  in  the  salivary  secretions  of  healthy  persons  by  Vig^nal,  and  de- 
scribed under  the  name  of  Bacterium  termo,  which  was  formerly  cdven  to 
various  motile  bacilli  encountered  in  putrefying  infusions,  many  of  which 
have  been  differentiated  by  modern  methods  and  are  described  under  differ- 
ent names. 

Morphology, — Bacilli  from  1.5  to  2  )m  long,  constricted  in  the  middle,  and 
0.6  to  0.7  /abroad;  never  United  in  chains  or  filaments;  possess  terminal 
flagella. 

Biological  Characters, — An  aJerobic,  liquefying,  motile,  chromogenic 
bacillus.  Forms  in  gelatin  cultures  a  fluorescent  yellowish-gray  pi^ent. 
Spore  formation  not  determined.  Grows  at  the  room  temperature  in  the 
usual  culture  media— better  at  a  higher  temperature.  Gelatin  cultures  give 
off  a  putrefactive  odor.  Upon  gelatin  plates,  at  the  end  of  twenty-four 
hours,  small,  white  colonies  are  seen ;  at  the  end  of  forty-eight  hours  these 
have  a  diameter  of  two  to  five  millimetres ;  the  centre  of  the  colony  is  white 
and  opaque,  and  it  is  surrounded  by  a  zone  of  liquefied  gelatin  which  is 
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«louded  and  more  or  less  granular  in  appearance ;  the  area  of  liquefaction 
increases  and  the  opaque  central  colony  disappears,  while  the  margins  of 
the  liquefied  gelatin  are  clouded  and  whitish.  In  aelatin  stick  cultures,  at 
the  end  of  two  days,  liquefaction  has  occurred  all  along  the  line  of  puncture 
and  a  hroad  funnel  is  formed  ahove,  while  helow  a  mass  of  white  ilocculi 
fills  the  narrow  tube;  at  the  end  of  three  days  the  gelatin  is  completely 
liquefied,  it  is  opalescent,  fi.uorescent,  and  greenish;  on  the  fifth  or  sixth 
clay  it  has  a  yellowish-green  color  and  a  strong  odor  of  putrefaction.  Upon 
the  surface  of  agar,  at  a  temperature  of  36J  C,  it  forms  circular,  grayish- 
ivhite,  almost  transparent  colonies;  these  rapidly  coalesce  to  form  a  layer  of 
uniform  thickness,  which  is  easily  broken  up.  In  bouillon  the  liquid  is  at 
first  clouded  thi-oughout,  and  at  the  end  of  a  week  has  a  green  color,  while 
the  bacilli  are  seen  at  the  bottom  as  a  pulverulent  white  deposit.  Blood 
serum  is  slowly  liquefied  and  gives  off  a  strong  putrefactive  odor.  Upon 
potato,  at  the  end  of  forty-eight  hours  in  the  incubating  oven,  a  glairy^ 
grayish  layer  is  formed  the  size  of  a  five-franc  piece ;  later  this  acquires  a 
pale- yellow  color. 

294.    BACILLUS  BUCCALIS   MINUTUS. 

Synonym.— B&cillua  g,  Vignal. 

Found  by  Vignal  in  the  salivary  seci*etions  of  healthy  persons. 

Morphology. — A  very  short  bacillus,  with  round  ends,  almost  as  broad 
as  lon^;  in  cultures  upon  agar  the  length  is  from  0.5  to  1  m — usually  about 
0.7  M ;  in  neutral  bouillon  it  is  from  1  to  1.7  m  long;  in  old  cultures  involu- 
tion forms  ai'e  common ;  in  stained  preparations  the  two  ends  are  more  deeply 
stained  than  the  central  portion. 

Biological  Characters. — ^An  aerobic,  liquefying^  chromogenic  bacillus. 
Produces  a  yellow  pigment.  Spore  formation  not  observed.  Motility  not 
mentioned.  Grows  slowly  at  the  room  temperature.  Upon  gelatin  plates^ 
at  the  end  of  forty  eight  hours,  the  colonies  are  round,  with  refractive  con- 
tour and  of  a  mastic-yellow  color;  they  are  but  slightly  elevated  and  the 
gelatin  commences  to  liquefy  around  them.  In  gelatin  stick  cultures,  at  the 
end  of  forty-eight  hours,  a  yellowish- white  growth  is  seen  along  the  line  of 
puncture,  and  upon  the  surface  a  layer  having  the  same  color  and  sev- 
eral millimetres  in  diameter  has  developed ;  by  the  fourth  day  the  surface 
^rrowth  has  increased  to  twice  the  size  and  is  yellow  at  the  centre,  while  the 
peri}ihery  is  white;  the  growth  along  the  line  of  puncture  is  abundant  and 
consists  of  small,  closely  crowded  colonies;  below  the  surface  growth  a  cup- 
shaped  cavity  filled  with  clouded  liquefied  gelatin  is  seen ;  by  the  sixth  day 
a  small  funnel  of  liquefaction  has  formed,  the  liquefied  ^latin  is  clear  and 
contains  some  white  flocculi  in  suspension ;  by  the  twelfth  day  the  gelatin 
in  the  tube  is  completely  liquefied,  an  abundant  yellow  deposit  is  seen  at  the 
bottom  and  the  liquefied  gelatin  has  the  same  color.  Upon  the  surface  of 
agar  golden-yellow  plaques  are  developed,  which  are  easily  removed  with 
the  platinum  needle.  In  bouillon  a  thin,  iridescent  pellicle  is  formed  upon 
the  surface  and  the  fluid  below  is  clouded,  while  an  abundant  yellow  deposit 
accumulates  at  the  bottom.  Does  not  grow  well  in  acid  bouillon.  TJ\)on 
potato,  at  the  end  of  forty -eight  hours,  a  thin  and  extended  layer  is  formed 
of  a  yellow  color,  which  later  has  a  brownish  tint. 

21)5.    BACILLUS  OP  CANESTRINI. 

Found  in  larvae  and  bees  from  infected  hives  in  Italy  (1891). 

Morphology, — Bacilli  with  rounded  ends,  from  4  to  6  ^  long  and  about 
2  M  broad;  the  isolated  elements  ai*e  somewhat  longer  than  those  in  chains; 
solitary,  in  paire,  or  in  chains  which  may  contain  numerous  segments. 

Biological  Characters.— Aa  aerobic,  liquefying,  motile,  chromogenic 
bacillus.  Forms  a  pink  pigment.  The  movements  are  slow  and  oscillating. 
Forms  oval  spores  3  ^  long  and  1.5  /z  bmad.     Grows  at  the  room  tempera- 
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ture— better  at  37"  C.  Stains  with  the  anilme  colors  and  by  Gram's  method. 
In  gelatin  stick  cultures  causes  liquefaction  of  the  gelatin;  after  some  daj-s 
the  upper  portion  of  the  liquefied  gelatin  has  a  pink  color,  while  at  the  bot- 
tom an  abundant  white  sediment  collects.  Upon  the  surface  of  agar  forms 
a  white  layer  which  contains  numerous  spores.  Liquefies  hlcod  serum  ;  in 
this  medium  the  bacilli  are  surrounded  by  a  capsule,  and  are  frequently  seen 
in  long  chains  containing  fifteen  to  twenty  elements,  all  enclosed  in  a  sin- 
gle capsular  envelope.  Tjpon  potato  development  is  rapid  at  37*"  C ;  at  the 
end  of  twenty-four  hours  a  wme-colored  layer  is  formed.  Not  pathogenic 
for  mice  or  guinea-pigs.  Experiments  made  with  ^  pure  cultures  show  that 
it  is  pathogenic  for  oees  and  their  larvae,  and  that  it  is  the  cause  of  an  infec- 
tious malc^y  which  is  destructive  to  these  insects  in  certain  localities  (in 
Italy). 

C.  XoH'ChromogentCy  Xon-liquefying  Bacilli. 

200.  BACILLUS  UBIQUITUS  (Jordan). 

Found  in  sewage  at  Lawrence,  Mass. ;  also  in  water  and  in  the  air — **  ap- 
parently abundant  everywhere  "  (  ordan). 

Morphology.—BaeiUi  from  1.1  to  2  m  long  and  about  1  /i  broad— resemble 
micrococci ;  quite  variable  in  form ;  in  bouillon  short  filaments  are  some- 
times formed. 

Biological  Character's. — An  aerobic  axid  facultative  anaerolyic,  non-iique- 
fyingj  nonrmotile  bacillus.  Spore  formation  not  observed.  Grows  at  the  room 

temperature  in  the  usual  culture  media— also  at 
ST  C.  Upon  gelatin  plates  forms  small,  sphe- 
rical or  oval  colonies,  which  have  a  yellowish 
tinfire ;  at  the  end  of  two  days  the  superficial 
colonies  are  prominent,  white,  and  glistening, 
resembling  a  drop  of  milk ;  they  e^radually  in- 
crease in  diameter,  become  some\v'nat  irregular 
in  outline,  and  acquire  a  dull  brownish  tint. 
Under  a  low  power  the  young  colonies  are  seen 
to  be  finely  granular  and  to  have  a  smooth  con- 
tour. In  gelatin  stick  cultures  development 
occurs  upon  the  surface  and  along  the  line  of 
puncture,  producing  a  **  nail-shap^  "  growth 
at  the  end  of  a  Tveek ;  the  color  is  at  first  a 

^ ^    „,  lustrous  porcelain-white,  which  later  changes 

^S:-.^"^™  ublquitiM.  ^  a  dull  brownish-gray;  grows  well  in  slightlv 
X  1^.  Fromaphotomicrograph.  ^^j^  gelatin.  Upon  the  mirface  of  agar  a  whit- 
^  ^   *""^  ish-gray  layer  is  developed  which  has  a  slightly 

metallic  lustre.  Upon  potato  a  shining,  white 
growtli  of  limited  extent.  In  miZA;  coagulation  occurs  quickly  at  37*  C.,  and 
the  milk  acquires  a  strongly  acid  reaction.  Retluces  nitrates  vigorously. 
**  This  species  apparently  resembles  quite  closely  the  Bacillus  candicans  de- 
scribed by  the  Franklands"  {Zeit.fur  Hyg.,  Bd.  vi.,  page  397).  "  It  differs 
from  that,  however,  among  other  respects,  in  its  capacity  for  reducing  ni- 
trates and  in  its  mode  of  growth  upon  agar  and  potato  "  (Jordan). 

297.  BACILLUS  CANDICANS  (Frankland). 

Found  in  the  soil. 

Morphology, — Short,  thick  bacilli,  resembling  micrococci  ;  often  form 
short  filaments. 

Biological  Characters,— An  aerobic,  non-liquefying,  non-niotile  bacillus. 
Does  not  form  spores.  Grows  slowly  at  the  room  temperature  in  the  usual 
culture  media.  Upon  gelatin  plates  the  superficial  colonies  resemble  drops 
of  milk;  the  deep  colonies  under  a  low  power  are  seen  to  be  spherical,  slightly 
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granular  at  the  margins,  and  have  a  smooth  contour.  In  gelatin  stick 
cultures  the  superficial  growth  is  like  a  drop  of  milk  in  appearance;  very 
scantT  growth  along  the  line  of  puncture  at  lii*st,  later  a  row  of  spherical 
colonies  is  seen ;  the  surface  growth  in  old  cultures  has  a  slightly  reddish 
tint.  Upon  tlie  surf  ace  of  agar  a  thin,  transparent,  j^rayish-white  layer 
witJi  smooth  margins.    Upon  potato  an  abundant  layer  is  developed. 

298.  BACILLUS  ALBUS  (Eisenberg). 

Found  in  water. 

Morphology. — Short  bacilli  with  blunt  ends,  often  united  in  short  chains. 

Biological  Characters.— kji  aJerobic,  non-liquefying,  motile  bacillus. 
Spore  formation  not  observed.  Grows  slowly  at  the  room  temperature — 
not  in  the  incubator  at  ^T"  C.  Upon  gelatin  plates  forms  round,  white 
colonies  the  size  of  a  pin's  head.  In  gelatin  stick  cultures  grows  slowly, 
forming  a  white  line  along  the  puncture  and  a  small,  button-like,  white 
mass  at  the  point  of  entrance.  Upon  the  surface  of  a^ar  forms  a  milk- 
white  layer.  Upon  potato  a  dirty  yellowish- white  growth,  limited  to  the 
line  of  inoculation. 

299.  BACILLUS  ACIDI  LACTici  (Hueppe). 

Found  in  sour  milk. 

Morphology, — Bacilli  from  1  to  1.7  /*  long  and  from  0.3  to  0.4/*  broad; 
usually  in  pairs,  sometimes  in  chains  of  four. 

Biological  Cliaracters, — ^An  aerobic  and  facultative  anaerobic,  non- 
liquefyinq,  non-motile  bacillus.  Forms  spherical  spores,  which  are  located 
at  the  ends  of  the  rods.  Grows  slowly  at  the  room  temperature  in  the  usual 
culture  media.  Upon  gelatin  plates  forms  small,  white,  punctiform  colonies, 
which  later  develop  into  shimng,  porcelain-colored  discs  with  a  transparent 
margin ;  under  a  low  power  they  have  a  yellowish  tint  in  the  centre  and 
thin,  irregular  margins.  In  gelatin  stick  cultures  small  colonies  are  de- 
veloped along  the  line  of  puncture,  and  later  a  dr>%  glistening,  soft,  grayish- 
white,  and  tolerably  thick  layer  is  developed  upon  the  surface.  Upon  potato 
an  extended,  yellowish-brown  layer  is  lx)rmea.  In  milk  lactic  acid  is  pro- 
duced, the  casein  is  precipitated,  and  carbon  dioxide  is  given  off. 

300.  BACILLUS  LIMBATUS  ACIDI  LACTICI  (Marpmann). 

Found  in  fresh  cow's  milk. 

Morphology. — Short,  thick  bacilli,  usually  in  pairs;  every  rod  is  sur- 
rounded by  a  capsule  which  is  not  stained  by  the  aniline  colors. 

Biological  Characters. — An  aerobic,  non-liquefying,  non-motile  bacil- 
lus. Does  not  form  spores.  Grows  slowly  in  tne  usual  culture  media  at 
the  room  temperature — also  in  the  incubator.  Upon  gelatin  plates,  at  the 
end  of  twenty-four  hours,  forms  milk-white,  punctiform  colonies.  In  gela- 
tin stick  cuXtures  scanty  development  occurs  along  the  line  of  puncture, 
and  upon  the  surface  a  flat,  irregular  layer  of  a  white,  pus-like  color  is 
formed.  In  milk,  at  the  end  of  twelve  hours,  a  slightly  reddish  color  is 
seen;  at  the  end  of  twenty-four  hours  coagulation  of  the  casein  and  a 
strongly  acid  reaction — lactic  acid ;  does  not  produce  gas. 

301.   BACILLUS  LACTI3  PITUITOSI. 

Synonym. — Bacillus  der  schleimigen  Milch  (Loffler). 
Found  in  milk. 

Morpholopy. — Tolerably  thick,  slightly  curved  bacilli,  which  veiy  quick- 
ly break  up  into  small  segments  resembling  micrococci. 

Biological  Characters.— \n  aerobic^  non-liquefying  bacillus.     Grows 
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rather  rapidly  at  the  room  temperature.  Spore  formatioa  not  detemimed. 
Upon  geiatin  plates  forms  white  colonies  with  well-defined  contour,  from 
one-quarter  to  one-half  millimetre  in  diameter;  by  transmitted  light  thes^ 
are  grayish-brown  in  color  and  present  a  slightly  ludial  striped  appearance. 
Upon  the  surface  of  a>gar  a  dirty- white  layer  is  developed.  Upon  pofcUo  a 
ffrayish-.white,  tolerably  dry  layer.  In  muk  a  slightly  acid  reaction  is  pro- 
duced, and  a  very  viscid  substance  haAnng  a  peculiar  odor  is  formed,  espe- 
cially in  the  lower  portion  of  the  liquid;  this  can  be  drawn  out  into  long 
threads. 

302.   BACILLUS  AEROGBNES  (Miller). 

Found  in  the  alimentary  tract  of  healthy  pei*sons. 

Morpholoqy. — Small  bacilli  of  various  lengths. 

Biological  Characters. — An  aJerobic^  non-liquefying,  motile  bacillus. 
Spore  formation  not  observed.  Grows  at  the  room  temperature.  Upon 
gelatin  plates  forms  spherical,  homogeneous,  transparent,  white  or  slightly 
yellowisn  colonies ;  older  colonies  sometimes  appear  to  be  formed  of  con- 
centric rings.  In  gelatin  stick  cultures  development  occurs  along  the  line 
of  puncture  and  the  growth  has  a  yellowish  color;  upon  the  surface  a 
thin,  pearl-gray  layer  with  dentate  margins  is  formed ;  in  old  cultures  the 
line  of  inoculation  acquires  a  dark-brown  color  and  is  surrounded  hv  a 
l)ale-brown  halo.  Upon  potato  a  dry  layer  of  a  dirty  bluish-yellow  color, 
and  with  irregular  outlines,  is  slowly  developed. 

303.   BACTERIUM    AEROGENES  (Miller). 

Found  in  the  alimentary  tract  of  healthy  individuals. 

Morphology. — Short  rods,  solitary  or  in  pairs. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  at  the 
room  temperature  in  the  usual  culture  media.  Upon  aelatin  plates  forms 
sharplv  defined,  yellowish  colonies,  which  are  marked  by  dark  lines  radi- 
ating from  the  centre  toward  the  margin.  In  gelatin  stick  cultures  devel- 
opment occurs  along  the  entire  line  of  puncture  and  the  growth  has  a  brown- 
ish-yellow color;  upon  the  surface  a  soft,  flat,  grayish- white  mass  is  formed 
about  the  point  of  puncture.  Upon  the  surfiice  of  agar  a  soft,  grayish- 
white  layer.  Upon  potato  a  soft  layer  with  irregular  margins  and  *of  a 
slightly  yellowish- white  color. 

304,   HELICOBACTERIUM  AEROGENES   (Miller). 

Found  in  the  alimentary  tract  of  healthy  persons. 

Morphology. — Slender  bacilli,  solitary  or  in  chains;  grow  out  into  long, 
undulating  or  spiral  threads. 

Biological  Characters. — An  aJ8r6bic,  non-Hquefuing,  motile  bacillus. 
Spore  formation  not  observed.  Grows  in  the  usual  culture  media  at  the 
room  temperatu re.  Upon  gelatin  plates  forms  transparent,  white  or  si  ightly 
yellowish  colonies  of  various  forms— spherical,  oval,  snail-shaped,  spindle- 
shaped,  spiral,  etc.  In  gelatin  stick  cultures  grows  upon  the  surface  as  a 
thin,  bluish,  scarcely  visible,  dry  layer,  which  covers  the  entire  surface  at 
the  end  of  forty-eight  hours ;  along  the  line  of  puncture  a  uniform,  light- 
yellowish  growth.  Upon  agar  tlie  growth  is  not  characteristic.  Upon  po- 
tato a  layer  is  formed  which  has  a  dry  surface,  indented  margins,  and  a 
yellowish -brown  color. 

3Q5.  BACILLUS  AQTJATILIS  SULCATUS  NO.  I.   ( Weichselbaum). 

Found  in  the  Vienna  water  supply. 

Morphology. — Bacilli  resembling  the  bacillus  of  typhoid  fe\erinfonn 
and  dimensions. 
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Biological  Characters. — An  aSrobic  and  facultative  anaerobic,  non- 
liquefying^  motile  bacillus.  Spore  formation  not  observed.  Grows  rapidly 
at  the  room  temperature — ^not  so  well  in  the  incubating  oven.  Growth 
occurs  at  a  temperature  as  low  as  5°  to  7**  C.  Upon  gelatin  filates^  at  the 
end  of  two  days,  the  superficial  colonies  are  seen  as  Hat  discs  with  a  thicker 
and  whitish  centre  and  very  thin,  bluish,  notched  margins ;  under  a  low 
power  the  surface  is  seen  to  becovered  with  fine  lines  or  furrows  which  cross 
each  other  at  various  angles;  the  color  is  white,  with  a  yeliow^ish  tint  at  the 
centre;  later  very  numerous  lines  are  seen  ci*ossing  each  other  in  all  direc- 
tions at  the  centre,  while  the  periphery  is  still  white  and  is  marked  by  more 
delicate  lines.  The  deep  colonies  are  round  and  yellowish.  In  gelatin  stick 
cultures  a  flat,  white  layer  with  notched  edges  is  seen  at  the  end  of  twenty- 
four  hours;  this  becomes  thicker  and  is  of  less  diameter  than  the  surf  ace 
g'l'owth  of  the  typhoid  bacillus  under  similar  conditions.  Upon  the  surface 
of  agar,  at  37.5"  C,  a  tolerably  thick,  white  layer  is  developed;  this  has  an 
odor  like  that  of  milk.  Upon  potato,  at  37.5**  C,  the  growth  is  invisible, 
the  line  of  inoculation  having  only  a  moist  appearance ;  at  the  room  tem- 
perature this  is  also  the  case  at  first,  but  later  a  very  thin,  moist-shining, 
often  cream-colored  layer  with  raised  edges  is  seen,  and  the  potato  aroiind 
this  acquires  a  bluish-gray  color,  w^hich  again  fades  out. 

306.  BACILLUS  AQUATILIS  SULCATUS  NO.  II.  (Weichselbaum). 

Found  in  the  Vienna  water  supply. 

Morphology.  — Short  bacilli  with  round  ends,  of  the  form  and  dimensions 
of  the  shorter  typhoid  bacilli. 

Biological  CKaracters, — An  aerobic  and  fa4)uJtative  anaerobic ,  non-lique- 
fying, motile  bacillus.  Spore  formation  not  observed.  Grows  in  the  usual 
culture  media  at  the  room  temperature — not  so  well  in  the  incubating  oven. 
Grows  at  a  lower  temperature  than  the  typhoid  bacillus— 5"  to  7"  C.  Upon 
gelatin  plates,  at  the  end  of  two  days,  the  superficial  colonies  are  similar  to 
those  of  the  typhoid  bacillus  and  of  the  preceding  species,  but  somewhat 
thicker  and  not  visibly  notched ;  under  the  microscope  they  are  seen  to  be  in- 
distinctly notched  ana  marked  by  lines,  althous^h  not  so  distinctly  as  are  the 
colonies  of  Bacillus  aquatilis  sulcatus  No.  I. ;  the  centre  of  the  disc-shaped 
colonies  is  yellowish,  the  periphery  white ;  after  three  days  they  become 
thicker  and  the  notching  of  the  margins  and  lines  upon  the  surface  are  no 
longer  seen,  while  the  entire  colony,  with  the  exception  of  the  outer  margin, 
has  a  yellowish  color.  In  gelatin  stick  cultures  a  whitish,  rather  thick 
layer  of  limited  dimensions  is  formed  upon  the  surface.  Upon  the  surface 
of  agar,  in  the  incubator,  a  grayish-white  layer  is  developed  in  twenty-four 
hours.  Upon  potato,  at  the  room  temperature,  a  bluish-gray  color  is  first 
seen  along  the  line  of  inoculation,  and  a  yellowish- gray  or  yellowish-brown 
layer  is  subsequently  developed ;  this  may  beconie  tolerably  abundant,  while 
the  original  color  disappears ;  potato  cultures  give  off  a  slight  urinous  odor. 

307.  BACILLUS  AQUATILIS  SULCATUS  NO.  III.  (Weichselbaum). 

Found  in  the  Vienna  water  supply. 

Morphology, — Very  short  bacilu,  frequently  resembling  micrococci. 

Biological  Characters, — An  aerobic  and  facultative  anaerxj^c,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  at  the 
room  temperature  and  at  5"  to  7  C. — not  so  well  in  the  incubating  oven.  Old 
cultures  ffive  off  a  disagreeable  odor.  Upon  gelatin  plates,  at  the  end  of 
two  or  three  days,  the  superficial  colonies  are  disc-shaped,  witii  a  thicker, 
white  centre  and  a  very  thin,  bluish  periphery;  the  mardn  is  notched; 
under  the  microscope  the  surface  is  seen  to  oe  marked  with  Tines;  later  the 
colonies  increase  in  thickness  and  diameter  and  lose  the  bluish  color;  the 
system  of  fine  lines  also  disappears,  and  the  surface  is  covered  with  numerous 
short  lines  and  furrows;  the  yellow  color  extends  from  the  centre  nearer  to 
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the  periphery.  In  gelatin  stick  cultures,  at  the  end  of  twenty-four  hours,  a 
verv  thin,  white  layer  with  notched  edges  is  developed ;  this  extends  rapidly 
to  the  margins  of  the  tuhe.  Upon  the  surface  of  agar  an  abundant  grayisll- 
white  layer  is  quickly  developed  in  the  culture  oven ;  this  has  an  odor  re- 
sembling that  of  milk.  Upon  potato,  at  the  room  temperature,  a  discolora- 
tion of  the  line  of  inoculation  is  seen  at  the  end  of  twenty-four  hours;  later 
an  abundant  pale-yellow  layer  with  raised  margins  is  developed  which  has 
an  odor  of  herring  brine ;  at  the  end  of  nine  days  the  potato  arotmd  the 
growth  has  a  bluish-green  color. 

308.  BACILLUS  AQUATILIS  SULCATUS  NO.  IV.  (Weichselbaum). 

Found  in  the  Vienna  water  supply. 

Morphology. — Bacilli  of  various  lenf^ths;  often  grow  out  into  filaments. 

Biological  Characters.— hn  aerobic  and  facultative  anaerobic,  noa- 
liquefying,  motile  (the  short  rods  only)  bacillus.  Spore  formation  not 
demonstrated.  Grows  slowly  at  the  room  temperature— still  more  so  in  the 
incubating  oven.  Upon  gelatin  plates  the  colonies  are  first  visible  on  the 
fourth  day;  the  superficial  colonies  are  thin,  bluish  discs  with  notched  mar- 
gins and  a  somewhat  thicker,  whitish  centre;  under  a  low  power  the  surface 
IS  seen  to  be  covered  with  fine  lines,  and  the  larger  colonies  have  a  yellowish 
color  in  the  centre ;  later  they  increase  in  thickness  and  diameter  and  acquire 
a  yellow  color  throughout,  while  the  system  of  lines  is  replaced  by  more 
numerous  and  shorter  lines  and  furrows.  In  gelatin  stick  cultures  develop- 
ment is  very  slow,  but  at  the  end  of  several  days  a  grayish- white  layer  with 
notched  margins  is  developed,  which  gradually  extends  to  the  walls  of  the 
test  tube.  I^n  the  surface  of  agar,  at  37**  C,  the  growth  is  very  scanty  at 
the  end  of  six  days ;  at  the  room  temperature  a  grayish- white  layer  of  mode- 
rate thickness  is  formed  within  two  days.  Upon  potato  no  growth  occurs 
eiUier  in  the  incubator  or  at  the  room  temperature. 

309.  BACILLUS  AQUATILIS  SULCATUS  NO.  V.  (Weichselbaum). 

Found  in  the  Vienna  water  supply. 

Morphology. — Bacilli  with  round  or  pointed  ends,  of  various  lengths; 
somewhat  thicker  than  the  typhoid  bacillus. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  at  the 
room  temperature  in  the  usual  culture  media — not  in  the  incubating  oven. 
Upon  gelatin  plates  forms  colonies  resembling  those  of  Bacillus  aquatilis 
sulcatus  No.  I.,  which  become  visible  in  two  or  three  days.  In  gelatin  stick 
cultures  a  layer  of  moderate  thickness  is  formed,  which  gradually  extends 
over  the  surface;  this  is  grayish- white  at  first  and  later  has  a  yellow  color 
like  that  of  the  yolk  of  an  egg.  Upon  the  surface  of  agar  no  growth  occurs 
in  the  incubator,  but  at  the  room  temperature  an  abundant,  viscid,  yellow- 
ish layer  is  developed.  Upon  potato,  at  the  room  temperature,  a  bluish-yel- 
low layer  is  formed  and  the  potato  around  it  acquires  a  dark-gray  color, 
which  disappears  later,  while  tne  vegetation  after  a  time  has  a  honey -yellow 
color, 

310.   BACILLUS  MULTIPEDICULUS  (Flugge), 

Found  in  the  air  and  in  water. 

Morphology.— hong-  slender  bacilli. 

Biological  Characters, — An  aerobic,  non-liquefying,  non-motile  bacil- 
lus. Spore  formation  not  observed.  Grows  at  the  room  temperature  in  the 
usual  culture  media.  Upon  gelatin  plates  forma  sphericsA  or  oval  opaque 
colonies,  which  under  a  low  power  are  seen  to  give  off  at  certain  points  of 
the  periphery  broad,  segmented  outgrowths  consisting  of  round  zoOglcea 
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masses ;  at  the  end  of  two  or  three  days  the  oval,  white,  superficial  colonies 
are  seen  with  the  naked  eye  to  be  surrounded  with  these  outgrowths,  which 
resemble  the  feet  and  antennsB  of  certain  insects.  In  gelatin  stick  cultures 
a  white  layer  is  developed  upon  the  surface  which  gives  off  short,  isolated 
outgrowths.  Upon  potato  a  smooth,  dirty-yellow  layer  of  limited  extent  is 
developed. 

311.    BACILLUS  CYSTIFORMIS   (Clado). 

Found  in  the  urine  of  a  patient  with  cvstitis. 

Morphology, — Very  short  and  slender  bacilli. 

Biological  Characters. — An  aerobic^  non-liquefying ,  motile  bacillus. 
Grows  slowly  at  the  room  temperature.  Upon  gelatin  plates  forms  trans- 
parent, yellowish  colonies,  first  round  ana  later  oval  in  form;  from  th(^ 
fourth  to  the  seventh  day  a  granular  elevation  appears  at  the  centre, 
around  which  a  finely  granular,  yellowish  zone  is  seen,  and  outside  of  this 
a  broad,  transparent  zone  with  double  contour.  In  gelatin  stick  cultures  a 
scanty  development  occurs  along  the  line  of  puncture,  and  on  the  surface  a 
whitish  layer  is  developed.     Upon  agar  a  yellowish-white  layer. 

312.  BACILLUS  HEPATICUS  FORTUITUS  (Sternberg). 

Obtained,  by  inoculation  in  a  guinea-pig,  from  the  liver  of  a  yellow-fever 
cadaver. 

Morphology, — ^Resembles  Bacillus  coli  communis  in  its  morphology,  but 
differs  from  this  bacillus  in  being  strictly  aerobic. 

Biological  Characters. — An  aerobic, non-liquefying,  non-nwtile  bacillus. 
Does  not  form  spores.  Grows  at  the  room  temperature  in  the  usual  culture 
media.  Upon  qelatin  plates  the  deep  colonies  are  spherical,  homogeneous 
or  finely  granmar,  and  light-brown  m  color;  at  the  end  of  four  days  they 
are  more  or  less  lobate.  The  superficial  colonies  are  shaped  like  a  mamma, 
with  striations  radiating  from  the  centre,  and  are  of  a  dark-brown  color 
under  the  microscope.  In  gelatin  stick  cultures  no  growth  occurs  along  the 
line  of  puncture,  except  to  a  slight  extent  near  the  surface;  on  the  surface 
a  white,  button-like  mass  is  formed  about  the  point  of  puncture.  Upon  the 
surface  ofglycerin-agar  the  development  is  quite  rapia  at  35^  C,  the  entire 
surface  being  nearly  covered  with  a  soft,  milk-white  growth  within  twenty- 
four  hours.  TJpon potato,  at  the  end  of  forty-eight  hours,  a  rather  dry  and 
thick,  cream- wnite  growth  forms  along  the  line  of  inoculation ;  the  potato 
has  a  bluish  discoloration,  which  subsequently  disappears;  at  the  end  of  two 
weeks  a  rather  thin,  semi-fiuid,  light-brown  layer  covers  the  entire  surface. 
Not  pathogenic  for  rabbits — single  experiment. 

313.  BACILLUS  INTESTINUS  MOTILIS  (Sternberg). 

Obtained  from  the  contents  of  the  intestine  of  yellow-fever  cadavers. 
Jforphology. — Resembles  Bacillus  coli  communis  in  its  morphology,  but 
diiffers  from  this  bacillus  in  being  very  actively  motile,  in  its  colonies  upon 
gelatin  plates,  etc. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.  Spore  formation  not  observed.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates, 
at  the  end  of  twenty -four  hours,  the  deep  colonies  are  spherical,  homo^ene- 
oas,  and  of  a  pale-straw  color;  the  superficial  colonies  resemble  little  drops 
of  water  and  are  of  a  pale-brown  color  by  transmitted  light.  In  aelatin 
stick  cultures  pale  straw-colored  colonies  are  developed  aU  along  the  line 
of  puncture,  and  a  rather  thin,  translucent,  whitish  layer  forms  upon  the 
surface;  sometimes  a  nebulous  outgrowth  occurs  from  the  line  of  puncture, 
and  tufted  outlying  colonies  are  formed  throughout  the  gelatin;  at  other 
times,  in  old  cultures,  a  few  feathery  tufts  sprout  out  from  the  line  of  punc- 
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ture.  Upon  potato  the  c^rowth  is  rather  thin  and  of  a  pale-yello^w'  color^ 
not  extending  far  from  the  line  of  inoculation.  Does  not  form  gas  in  a  sac- 
charine solution — agua  coco. 

314.  BACILLUS  CAVi^  FORTUITUS  (Sternberg). 

Obtained,  by  inoculation  in  a  guinea-pig,  from  the  liver  of  a  yellow- 
fever  cadaver,  preserved  for  forty-eight  hours  in  an  antiseptic  wrapping. 

Morphology. — Bacilli  with  round  ends,  from  ItoA/i  long  and  0.5  to  O.S 
M  broad;  often  in  pairs. 

Biological  Charax^ters.—Aji  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.  Spore  formation  not  obaerved.  Grows 
in  the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates. 
at  the  end  of  three  days,  the  colonies  are  small,  spherical,  and  under  the 
microscope  light-brown  in  color;  later  opaque,  or  sometimes  with  an  opaque 
centre  surrounded  by  a  transparent  zone.  In  gelatin  stick  ctUtures  there  is 
a  scanty  growth  about  the  point  of  puncture;  growth  occurs  all  along  the 
line  of  puncture  in  the  form  of  spherical,  translucent,  straw  colored  colo- 
nies, which  have  a  pearly  lustre  by  reflectea  light.  Upon  potato,  at  the  end 
of  a  week,  development  has  occurred  in  the  form  of  small,  dirty-yellow 
masses.     Does  not  form  gas  in  a  saccharine  liquid— agua  coco. 

315,  BACILLUS  COLI  SIMILIS  (Sternberg). 

Obtained  from  a  piece  of  liver— of  man — kept  in  an  antiseptic  wrapping- 
for  forty-eiffht  hours. 

Morphmogy. — A  bacillus  with  round  ends,  from  1  to  3  A  long  and  from 
0.4  to  0.5  /i  thick;  solitary  or  in  pairs. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  non- 
liquefying ,  non-motile  bacillus.  Spore  formation  not  observed.  Grows  at 
the  room  temperature  in  the  usual  culture  media — better  at  37*  C.  Upon 
gelatin  plates^  at  the  end  of  two  days,  the  deep  colonies  are  spherical  and 
pale-brown  in  color;  later  they  become  opaque.  The  superficial  colonies  are 
at  first  translucent,  homogeneous,  drop-like  elevations;  later  ihey  are  quite 
thin  and  have  a  pale-brown  color.  In  gelatin  stick  cultures  a  translucent 
growth  with  irregular  margins  is  developed  upon  the  surface,  and  a  rather 
scanty  line  of  growth  is  seen  along  the  track  of  the  inoculating  needle.  On 
potatOy  at  22**  C.,  a  thick,  dirty-white  or  pale-brown  layer  is  developed  along 
the  impfstrich.     Not  pathogenic  for  rabbits  or  guinea-pigs. 

316.  BACILLUS  FiLiFORMis  HAVANiENSis  (Sternberg). 

Obtained  in  anaerobic  cultures  from  the  liver  of  a  yellow-fever  cadaver. 

Morphology. — Long  and  slender  bacilli,  about  O.S  M  in  diameter,  and 
forming  long,  homogeneous  filaments  in  aerobic  cultures,  while  the  bacilli 
are  shorter  and  thicker  in  anaerobic  cultures  in  glycerin-agur. 

Biological  Characters. — An  anaerobic    and  facultative  aerobic,   non- 
liquefying,  non-motile  bacillus.    Does  not  form  spores.    In  gelatin  stick 
cultures  a  scanty  growth  occurs  along  the  line  of  puncture ;  no  growth  on  the 
surface.     In  anaerobic,  glycerin-agar  roll  tubes  colonies  are  developed  which 
are  spherical  or  iri'egular  in  outline,  of  a  pale-brown  or  straw  color  by  trans- 
mitted light,  white  and  opaque  by  reflected  light;  the  superficial  colonies 
are  thin  and  translucent,  and  nave  a  bluish  lustre  by  reflected  light;  later 
they  appear  as  opaa  ue,  cream-like  masses  with  irregular  contour.     In  nutrient 
agar  a  scanty,  milK-white  erowth  occurs  upon  the  surface  and  an  opaque, 
branching  growth  along  flie  line   of  puncture.    No  growth  upon  jjotofo. 
Grows  in  neutral  bouillon^  causing  a  slight  opalescence,  and  later  a  scanty 
white  deposit  at  the  bottom  of  the  tube.    Not  pathogenic  for  rabbits  or 
guinea-pigs. 
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317.  BACILLUS  MARTINEZ  (Sternberg). 

Obtained  from  the  liver  of  a  yellow-fever  cadaver,  kept  for  forty-eight 
hours  in  an  antiseptic  wrapping. 

Morphology.— A  short,  oval  bacillus  from  1  to  1.2  m  long  and  from  0.5 
to  0.8 /abroad. 

Biological  Characters,— An  aerobic  and  facultative  anaSrobiCy  non- 
liquefying,  non-motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  Upon  gelatin  plates  the  deep  colo- 
nies are  spherical  and  translucent;  superficial  colonies  shaped  like  a  mam- 
ma, with  a  central  nipple- like  projection,  the  surface  covered  with  mosaic 
markings.  In  gelatin  stick  cultures  a  thin,  translucent,  scanty  growth  upon 
the  surface,  and  large,  spherical,  translucent  colonies  along  the  line  of 
puncture.  In  glycertn-aaar  stick  cultures  growth  to  the  bottom  of  the  line 
of  puncture,  and  scanty  development  on  the  surface. 

318.  BACILLUS  EPiDERMiDis  (Bizzozero). 

Synonym. — Leptothrix  epidermidis. 

Found  attached  to  scales  of  epidermis  from  between  the  toes. 

Morphology.— Bsucilli  from  2.8  to  3  /<  long  and  O.S  M  broad. 

BiologiccU  Characters. — An  aerobic,  non  liquefying  bacillus.  Forms 
long,  ovsS  spores  —at  25°  C.  in  three  days.  Grows  best  at  a  temperature  of  15° 
to 20  C.  very  scanty  growth  in  gelatin.  Grows  upon  the  surface  of  agar. 
TJpon  potato,  at  15°  to  &°  C,  the  development  at  first  is  in  the  form  of  vis- 
cid, transparent,  drop-like  colonies,  which  gradually  coalesce  and  form  a 
rather  thick  layer. 

319.  BACILLUS  NODOSUS  PARVUS  (Lustgarten). 

Found  in  the  healthy  urethra  of  man. 

Morphology. — Bacilli  from  1.2  to  2.4  fi  long  and  0.4  m  broad;  one  ex- 
tremity often  presents  an  irregular  club  shape ;  usually  united  in  pairs,  in 
which  the  elements  lie  parallel  or  are  united  at  an  acute  angle. 

Biological  Chara^cters.—AD.-  aerobic  and  facultative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Grows  best  in  the  incubating  oven.  Spore 
formation  not  observed.  Very  slow  and  scantv  growth  in  nutrient  gelatin. 
Upon  the  surface  of  agar,  at  37°  C,  at  the  end  of  twenty-four  hours  a  white 
line  of  growth  is  seen  along  the  line  of  inoculation;  at  the  end  of  two  to 
three  days  this  has  a  breadth  of  five  to  six  millimetres,  and  the  central  por- 
tion of  the  layer  is  white,  chalky  in  appearance,  porous,  and  lustreless; 
around  this  is  a  smooth,  flat,  glistening,  grayish- white  marginal  zone  one  to 
two  millimetres  broad.  In  agar  stick  cultures,  at  the  end  of  five  to  eight 
ilays,  growth  is  seen  along  the  line  of  puncture  as  a  white  stripe  made  up  of 
confluent  spherical  colonies,  while  at  tne  point  of  puncture  a  small,  stearin- 
like drop  is  seen. 

320.   BACILLUS  HYACINTHI  SEPTICUS  (Heinz). 

Found  in  diseased  hyacinths. 

Morphology.  —Bacilli  with  round  ends,  4  to  6  yu  long  and  about  1  /i  broad ; 
always  solitary. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  at  the 
room  temperature.  Old  cultures  have  a  strong  putrefactive  odor.  Upon 
gelatin  plates  the  superficial  colonies  are  flat,  shining,  bluish-white  in  color 
with  a  somewhat  darker  centre,  transparent,  and  about  two  millimetres  in 
diameter;  the  deep  colonies  are  oval  with  rather  sharp  poles,  yellowish- 
white,  and  lustreless.    In  gelatin  stick  cultures  growth  occurs  all  along  the 
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Vine  of  puncture,  and  on  the  surface  as  a  shining  layer  of  moderate  extent. 
Ui>on  agar  the  growth  is  similar  to  that  upon  gelatin.  Vpon  potato^  at  the 
end  of  thirty-six  hours,  a  dirty -yellow,  slimy,  granular  layer. 

331,  BACTERIUM  GLISCROGENUM  (Malerba). 

Found  in  urine  which  was  viscid  and  acid  in  reaction. 

Morpholoqy.^OvaX  bacilli^  from  0.57  to  1.14  u  long  and  0.41  M  broad. 

Biological  Characters. — An  aerobic,  non-liquefyitig,  motile  bacillus. 
Spore  formation  not  observed.  Grows  at  the  room  temperature  in  the  usual 
culture  media— better  at  30"  to  37**  C.  Upon  gelatin  plates,  at  the  end  of  two 
days,  puuctiform  colonies  are  seen,  which  gradually  increase  in  size,  are  per- 
fectly round,  granular,  and  lenticular  in  form ;  later  there  is  a  wavy  depres- 
sion of  the  surface  of  the  gelatin  and  gas  bubbles  are  formed  in  the  interior. 
In  gelatin  stick  cultures  gmwth  occurs  along  the  line  of  puncture  and  \xyoii 
the  surface  in  nail  shape ;  the  growth  along  the  line  of  inoculation  consists 
of  disc-shaped,  isolated  colonies  closely  piled  one  upon  another.  Upon  the 
surfa>ce  of  a>gar,  at  the  room  temperature,  a  ^*anular,  opalescent  stripe  is 
develoijed  in  from  three  to  five  days ;  at  37°  C.  an  abundant  development 
occurs  in  twenty-four  hours;  a  white,  viscid  film  forms  upon  the  surface  of 
the  condensation  water.  Upon  potato  a  yellowish  or  yellowish-brown  layer 
is  developed,  and  in  the  course  of  a  few  days  numerous  gas  bubbles  are 
formed,  which  become  confluent ;  later  the  growth  becomes  viscid  and  ex- 
tends over  the  entire  surface.  In  bouillon  diffuse  cloudiness  is  seen  at  the 
end  of  twenty-four  hours,  and  the  fluid  becomes  viscid;  at  the  end  of  four 
to  five  days  a  whitish  layer  forms  upon  the  surface. 

322.  BACILLUS  OVATUS  MiNUTissiMUs  {Unna). 

Found  upon  the  skin  in  cases  of  eczema  seborrhoeicum. 

Morphology. — Short  oval  bacilli  with  pointed  ends,  0.6  to  0.8  /i  long  and 
0.4  /<  broad;  associated  in  iri-egular  groups. 

Biological  Characters. — An  oero&ic. and  facultative  anaerobic,   non- 
liquefying  bacillus.     Spore  formation  not  observed.     Grows  at  the  room 
temperature  in  the  usual  culture  media.     Grelatin  and  potato  cultures  rive 
off  a  strong  and  disagi'eeable  odor.     Updn  gelatin  plates,  at  the  end  of 
eight  davs,  the  superficial  colonies  are  the  size  of  a  mustard  seed,  prominent, 
splierical,  grayish -white,  shining,  and  i*esemble  a  drop  of  a  solution  of  g'um 
tragacanth;   the  deep  colonies  are  punctiform  and  g^yish- white  in  color; 
later  the  superficial  colonies  become  fiat,  or  occasionally  preserve  tlie  form 
of  a  small  peari ;  these  are  almost  one  centimetre  in  diameter,  round,  fijiely 
granular,  yellowish-gray,  with  a  darker  centime  and  a  more  transparent  peri- 
pheral zone;    the  margins  are  notched.    The  deep  colonies,  under  a  low 
power,  are  seen  to  be  spherical  or  oval,  opaque,  finely  granular,  dark-yel- 
lowish in  the  centre  and  paler  at  the  periphery ;  they  may  attain  the  size  of 
a  pea.     In  gelatin  stick  cultures  gi'owth  is  rather  rapid  uiK>n  the  surface  in 
form  of  an  abundant,  slimv,  grayish- white  layer  with  irregulM*  outlines; 
til  is  later  becomes  dry  and  opaque,  and  presents  small,  spherical  protu- 
berances which  are  more  transparent;  along  the  line  of  puncture  numerous 
^aj'isli-white,  closely  crowded,  punctiform  colonies.     Upon  agar  the  growth 
is  similar  to  that  upon  gelatin.    Upon  potato  an  abundant,  grayish-white, 
dull-glistening  layer. 

323.    CAPSULE  BACILLI  OP   SMITH. 

Theobald  Smith  has  described  three  species  or  varieties  (0  of  capsule  ba- 
cilli, resembling  Friedlander's  bacillus,  obtained  by  him  from  the  intestine  of 
swine.    These  ne  designates  by  the  letters  a,  6,  and  c. 

Morphology.— Slight  morphological  dift'erences  were  detected  by  culti- 
vating all  under  the  same  circumstances  in  peptone-bouillon. 
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a.  1.2  fi  long  and  0.8  to  0.9  fi  broad;  capsule  not  visible  in  hanging  drop. 

h,  1.6  to  1.8 /<  long  and  0.8  to  0.9//  thick;  capsule  clearly  visible  m 
hanging  drop ;  usually  in  pairs ;  both  ends  somewhat  thickened  as  in  a. 

c.  Bacilli  somewhat  thicker  than  6;  capsule  not  visible. 

Friedlander^s  bacillus,  1  to  2  //  long  and  1  //  thick.  A  second  examina- 
tion of  all  four,  made  at  the  end  of  forty-eight  hours,  showed  no  apparent 
ditference  in  a,  6,  and  Friedlander's  bacillus,  while  c  i*emained  shorter  than 
the  others.  None  of  the  species  retained  their  color  when  treated  by  Gram's 
method. 

Biological  Characters, — Aerobic  s^nd  facultative  anaerobic,  non-liquefy- 
ing,  non-motile  bacilli. 

tjpon  gelatin  plates — 

a  forms  colonies  resembling  those  of  Bacillus  coli  communis;  they  spread 
out  in  a  thin  layer,  the  margins  of  which  are  very  thin  and  bluish  by  trans- 
mitted light;  the  contour  is  irregular;  later  the  colonies  become  thicker, 
white,  and  opaque,  and  flap-like  processes  may  be  given  off  from  the  mar- 
>2rins  which  double  the  original  diameter  of  the  colony — of  four  to  live  mil- 
limetres; in  the  centi-e  a  small,  button -like  elevation  is  seen. 

6.  The  colonies  are  at  first  thicker  and  more  opat^ue  than  those  of  a ; 
they  reach  a  diameter  of  four  millimetres,  and  are  thinner  toward  the  mar- 
gin, which  is  irregular  in  outlhie;  a  small  central  prominence  is  usually 
observed. 

c.  The  colonies  are  thicker,  circular  in  outline,  with  smooth  margins,  and 
attain  a  diameter  of  five  millimetres;  the  central  projection  is  strikingly 
large. 

In  peptone-bouillon,  at  36'  C,  at  the  end  of  five  hours  a,  5.  and  c  all 
cause  the  culture  medium  to  be  decidedly  clouded,  while  Friedlander's  ba- 
cillus only  causes  a  slight  cloudiness  at  the  end  of  twenty-four  hours.  At 
the  end  of  a  week  the  cultures  of  a  show  a  dense  clouding  and  an  abun- 
dant deposit  at  the  bottom  of  the  tube,  but  no  layer  on  the  surface ;  the  cul- 
tures of  6  a  similar  cloudiness  and  deposit,  and  also  a  thick,  gelatinous 
layer  on  the  surface;  the  cultures  of  c  a  densely  clouded  medium  with  a 
thin  film  upon  the  surface.  Friedlander's  bacillus,  cultivated  in  the  same 
medium,  showed  a  slight  cloudiness  and  a  few  fragments  of  a  mycoderma 
floating  upon  the  surmce.  In  the  cultures  of  b  the  whole  fiuid  becomes 
very  viscia  and  can  be  drawn  out  into  long  threads ;  the  same  character  is 
developed  later  and  to  a  less  extent  in  cultures  of  a ;  and  in  c  the  superficial 
film  is  somewhat  viscid— cultures  of  Friedlander's  bacillus  do  not  exhibit 
this  character.  All  of  the  cultures  have  an  alkaline  reaction,  and  those  of 
a,  &,  and  c  after  a  time  have  a  disagreeable  odor. 

In  milk,  at  37"  C,  at  the  end  of  a  week  coagulation  is  not  complete, 
although  the  fluid  is  very  thick;  b  causes  milk  to  be  quite  thick  in  two  days, 
and  to  be  completely  coagulated  in  four  days;  c,  at  the  end  of  a  few  days, 
causes  the  lower  half  of  tne  milk  to  coagulate,  and  at  the  end  of  a  week  the 
whole  is  firmly  coagulated ;  Friedlander^s  bacillus  in  milk  did  not  produce 
any  apparent  change.  The  milk  cultures  of  a,  6,  and  c  had  an  acid  reac- 
tion ;  at  the  end  of  two  weeks  some  viscid  serum  was  seen  above  the  coagu- 
lunciina,  and  the  culture  smelled  like  sourdough;  at  the  same  time  the 
whole  coagulum  was  viscid  in  the  culture  of  b  and  a  similar  odor  was  per- 
ceived; the  culture  of  c  showed  a  superficial  layer  of  serum  which  was  not 
viscid,  and  the  odor  was  that  of  cheese. 

Upon  potato  a  and  b  developed  a  thin,  shining,  grayish,  transparent 
layer;  the  growth  of  c  upon  potato  was  thick  and  ci*eam- white,  resembling 
that  of  Fnedlander's  bacillus.  In  cultures  containing  glucose,  and  in 
mashed  potato,  o  produced  considerable  quantities  of  gas— equal  parts  of 
COa  and  of  H.  Upon  agar  the  growth  of  all  is  similar  in  appearance,  but 
that  of  a  and  b  is  very  viscid,  that  of  c  less  so,  while  Friedlanders  bacillus 
was  destitute  of  this  character. 

Smith  concludes  his  description  of  these  bacilli  by  the  remark  that  they 
may  be  identical  with  Bacillus  lactLs  aerogenes  of  Escherich. 
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324.  BACILLUS  PUTRIFICU8  COLI  (Bienstock). 

Found  in  human  faeces. 

Morphology. — Slender  bacilli,  about  3  m  long,  often  shorter,  frequentlr 
tmited  m  lons^  filaments. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic^  tion- 
liquefying,  actively  motile  bacillus.  Forms  large  spherical  end  spores, 
which  give  the  bacilli  the  form  of  a  drumstick;  the  motile,  spore -bearing 
rods  always  advance  with  the  spore  in  front.  Grows  at  the  room  tempera- 
ture. Upon  nutrient  gelatin  a  layer  having  a  pearly  lustre  is  developed; 
later  this  has  a  yellowish  color  and  is  homogeneous  in  appearance.  This 
bacillus  was  supposed  b^  Bienstock  to  be  constantly  present  in  faeces,  and  to 
be  especially  concerned  m  the  decomposition  of  albuminous  substances.  Its 
characters  of  growth  have  not  been  determined  with  precision. 

325.   BACILLUS  SUBTILIS  SIMULANS   NO  I.    (Bienstock), 

Found  in  human  faeces. 

Morphology, — Bacilli  with  round  ends,  resembling  Bacillus  subtil  is  ; 
grows  out  into  long  filaments,  which  become  segmented  and  form  short 
chains  of  two  to  five  elements;  or,  more  commonly,  separate  into  single 
rods. 

Biological  Characters.— Axi aerobic, non-liqueftfing,  nonmotHe bacillus. 
Grows  best  at  37*  to  39°  C  Forms  oval  spores,  m  which  germination  oc- 
curs at  the  two  poles  simultaneously,  leaving  the  central  portion  of  the  new- 
formed  bacillus  bulginff  from  the  presence  of  the  spore  membrane.  Upon 
nutrient  agar  this  bacillus  grows  out  in  the  form  of  a  mesentery,  yellowish- 
white  **  veins  "  running  in  all  directions,  which  are  united  with  each  other 
smaller  anastomosing  branches. 

326.    BACILLUS  SUBTILIS  SIMULANS  NO.   II.    (BienstOck). 

Found  in  human  faeces. 

Moi^hology. — The  same  as  the  preceding  species. 

Biological  Characters, — An  aerobic,  non-liquefying  bacillus.  Grows  very 
rapidly — ^best  at  37°  to  39°  C.  Upon  the  surface  of  agar  forms  a  glistening, 
white  layer,  which  is  at  firet  smooth  and  later  has  a  somewhat  uneven  sur- 
face, while  the  margins  are  surrounded  by  grape-like  outgrowths.  Imper- 
fectly described. 

327.  BACILLUS  STRIATUS  ALBUS  (Von  Besser). 

Found  in  nasal  mucus  from  healthy  individuals. 

Morphology,— Sm&ll,  thick  bacilli,  of  about  the  size  of  the  diphtheria  bacil- 
lus ;  often  more  or  less  curved ;  in  preparations  stained  with  methylene  blue 
the  bacilli  have  a  striped  appearance;  club-shaped  involution  forms  may  be 
seen. 

Biological  Characters. — A.n  aerobic,  non-liquefying  bacillus.  Spore 
formation  not  observed.  Grows  at  the  room  temperature  in  the  usual  cul- 
ture media.  Upon  gelatin  plates  forms  small,  dry.  superficial  colonies. 
V^n  agar  plates  forms  prominent,  milk-white  colonies,  one-half  centime- 
tre in  diameter,  which  under  the  microscope  have  a  brown  nucleus  sur- 
rounded by  a  paler  brown  marginal  zone.  Upon  the  surface  of  agar  forms 
a  flat,  shining,  grayish-white  layer.  Upon  potato  a  scanty,  transparent, 
jelly-like  layer. 

328.   BACILLUS  STOLONATU8   (Adamctz). 

Found  in  water. 

Morphology. — Bacilli  two  and  one  half  times  as  long  as  thick. 
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Biological  Charcicters. — An  aerobic^  non-liquefying,  actively  motile 
bacillus.  Spore  formation  not  observed.  Grows  rather  quickly  in  the  usual 
culture  media  at  the  room  temperature.  Upon  gelatin  mates  the  deep  colo- 
nies are  small,  spherical  or  oval,  finely  granular,  whitish  or  yellowish- 
brown;  the  superficial  colonies  are  whitish  or  brownish,  elevated,  hemi- 
spherical, with  sharply  defined  outlines,  and  about  one  M  in  diameter.  In 
gelatin  stick  cultures  a  eranular  growth  is  slowlj  developed  alone  the  line 
of  puncture  and  a  white  layer  about  the  point  of  inoculation ;  at  the  end  of 
two  to  three  weeks  the  upper  part  of  the  line  of  jjuncture  forms  a  saucer  or 
flask-shaped  cavity  and  the  walls  are  covered  with  a  white  layer;  there  is, 
however,  no  licjuefaction  of  the  gelatin.  Upon  agar  plates  the  growth  is 
very  characteristic :  branches  are  given  off  from  a  central  point ;  these  are 
variously  bent  and  give  off  numerous  smaller,  wavy  branches ;  these  colo- 
nies extend  only  upon  the  surface  and  may  have  a  diameter  of  two  to  three 
centimetres;  under  a  low  power  they  are  seen  as  very  thin,  finely  granular, 
yellowish  layers  with  cluD-shaped  branches.  Upon  potato  forms  a  dirty- 
white  layer. 


Fio.  310. —Bacterium  Zopfli ;  a,  long  filament  with  commencement  of  *' ball  formation'*;  b 
shows  the  breaking  up  into  short  rods;  c,  farther  brealdng  up  into  spherical  elements ;  «,  /,  spirilia- 
like  filaments,    x  740.   CKurtb.) 

329.  BACILLUS  VENTRICULI  (Raczynssky). 

Found  in  the  stomach  of  dogs  fed  exclusively  on  meat. 

Morphology  — Bacilli  from  1.5  to  3  //  long  and  1  /i  thick;  united  in  pairs 
or  in  chains  of  four. 

Biological  Characters. — An  aerobic  and  facultative  afioMrobic,  non- 
liquefying,  motile  bacillus.  Does  not  form  spores.  Grows  slowljr  at  the 
room  temperature.  Upon  gelatin  plates  forms  round  colonies,  which  are 
opaque  at  the  centre  and  become  more  transparent  toward  the  margin,  which 
is  surrounded  by  a  dark  contour.  In  gelatin  stick  cultures  small,  white, 
punctiform  colonies  are  developed  along  the  line  of  puncture.  Upon  agar 
a  whitish  layer  is  formed.  This  bacillus  is  said  to  cause  the  peptonization  of 
albuminous  substances  when  the  reaction  is  acid  or  neutral. 
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330.  BACTERIUM  ZOPFII  (Kurth). 

Found  in  the  intestine  of  chickens. 

3/orp7ioZoflry.— Bacilli  from  2  to  5  m  lone  and  0.75  to  1  /<  hroad;  form  long 
filaments,  which  in  gelatin  cultures  are  folded  and  coiled  in  a  jieeuliar  man- 
ner. In  liquid  media  straight  filaments  only  are  seen.  The  coiled  filaments 
in  gelatin  cultures  form  tangled  balls,  in  which  they  subsequently  break  up 
into  short  rods  and  finally  into  spherical  bodies  which  appear  to  be  repro- 
ductive elements. 

Biological  Characters. — An  aerobic,  nonliquefybig,  actively  motile 
bacillus.  Forms  spherical  spores  (?),  which  are  not  highly  refractive  and 
stain  deeply  with  the  aniline  colors.  Grows  best  at  the  room  temperature : 
at  30  to  37"  C.  the  bacillus  is  no  longer  motile;  at  37*  to  40^  C.  involution 
forms  are  developed.  Upon  gelatin  plates^  at  the  end  of  twenty-eight 
hours,  white,  punctiform  colonies  are  developed,  from  which  as  a  centre  a 
mass  of  fine,  radiating  filaments  is  given  off;  among  these  numerous  small, 
white  points  aoe  distributed,  which  under  the  microscope  are  seen,  to  be 
spherical  zoogloea  masses  of  a  brownish-yellow  color;  the  centre  of  the  colo- 
nies consists  of  bundles  of  interlaced  or  parallel  filaments.  In  gelatin  stick 
cultures,  at  the  end  of  twenty-four  hours,  a  thick,  white  layer  is  developed 
along  the  upper  portion  of  the  line  of  puncture,  and  later  radiating  lines  of 
gi'owth  ai*e  given  off  from  this ;  these  cross  each  other  in  various  directions 
and  resemble  the  mycelium  of  a  fungus.  No  development  occurs  on  blood 
serum. 

331.   BACTERIUM  ZURNIANUM  (List). 

Found  in  water. 

Moi'phology.  Short  rods  with  slightly  pointed  ends,  from  1.2  to  1.5  m 
long  and  0.6  to  0.8  /^  broad;  in  stained  preparations  the  ends  are  most  deeply 
stained,  giving  the  rods  the  appearance  of  diplococci. 

Biological  Characters, — An  aerobic,  iion-liquefying,  non-motile  bacil- 
lus. Does  not  form  spores.  Grow^sin  the  usuaiculture  media  at  the  room 
temperature— better  at  25**  to  SO""  C.  Upon  gelatin  plates  forms  spherical, 
dirty  white  or  gray,  extremely  viscid  colonies,  which  develop  into  slimy, 
grape-like  masses.  In  gelatin  stick  cultures  a  grape-like  mass  upon  the 
surface  and  scanty  growth  along  the  line  of  puncture.  Upon  potato,  at  25 
to  30'  C,  a  slimy,  translucent,  gray  or  yellowish-white  layer  extends  over 
the  surface  withm  forty-eight  hours. 

332.   BACILLUS  OP  COLOMIATTI. 

Obtained  from  xerotic  masses  from  the  eye  of  a  child  and  in  certain  forms 
of  conjunctivitis. 

Morphology. — Bacilli  which  correspond  with  the  bacillus  of  mouse  septi- 
caemia m  length,  associated  in  irregular  masses. 

Biological  Characters.— An  aerobic,  non-liquefying,  non-motile  bacillus. 
Does  not  grow  at  the  room  temperature.  Forms  spherical  spores,  which  lie 
at  the  ends  of  the  rods.  Does  not  grow  in  nutrient  gelatm  or  on  potato. 
L'pon  the  surface  of  agar  a  thin  film  is  developed  at  34*"  to  39"  C. ,  which 
gives  to  the  surface  a  fatty  lustre.  Upon  blood  serum,  at  35"  to  39'  C,  de- 
velopment occurs  along  the  line  of  inoculation  as  a  dull-gray  layer  with  a 
fatty  lustre,  which  has  a  breadth  of  two  to  three  millimetres  and  a  rosette- 
like form. 

333.  BACILLUS  SCISSUS  (Frankland). 

Found  in  the  soil. 

Morphology. — A  short,  thick  bacillus  of  variable  dimensions;  usually 
about  1  ^  broad  and  1  to  2  «  long;  resembles  Bacillus  prodigiosus,  and,  like 
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this^  may  easily  be  mistaken  for  a  micrococcus;  sometimes  in  pairs  or  in  short 
cliams. 

Biological  Characters.— An  aerobic^  nonliqiiefying^  non-motile  bacillus. 
Spore  formation  not  observed.  Grows  slowly  m  the  usual  culture  media  at 
the  room  temperature.  Upon  gelatin  plates  the  deep  colonies  are  yellowish 
and  punctiform ;  under  a  low  power  they  are  seen  to  be  opaque  in  the  mid- 
dle and  have  dentate  margins;  when  they  break  through  to  the  surface  they 
form  small,  prominent  masses,  and  from  these  superficial  colonies  are  de- 
veloped whicn  have  a  pale-greenish  tint,  a  deeply  dentate  mar^pi,  and  are 
seen  under  the  microscope  to  be  finely  granular  In  gelatin  stick  cultures 
a  very  thin,  smooth,  shining  layer  is  developed  upon  the  surface ;  this  has 
an  irr^ular  and  deeply  dentate  margin;  the  gelatin  acquires  a  greenish 
tint ;  no  development  occurs  along  the  line  of  puncture.  Upon  the  surface 
of  agiar  a  smooth,  shining  layer  with  wrinkled  margins  is  formed ;  the  agar 
acquires  a  ^reen  tint.  Upon  potato  a  shining,  fleSi- colored  layer  extends 
over  a  considerable  portion  of  the  surface. 
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Fia.  217.  Fio.  218. 

Fig.  21 1. —Bacillus  scissus.    x  1,000.    (Frankland.) 
Fxo.  218.— Bacillus  scissus;  superficial  colony  on  gelatin  plate,    x  100.    CFrankland.^ 

334.  BACILLUS  NO.    I.    OF  FULLES. 

Found  in  the  soil. 

Morpholoqy, — Bacilli  from  1  to  1.2  «  long  and  0.6  //  broad. 

Biotogiccu  Characters, — An  aerobic,  non-liquefying,  motile  bacillus. 
Spore  formation  not  observed.  Upon  gelatin  plates  forms  spherical,  finely 
granular  colonies;  under  the  microscope  these  have  a  yellowish-brown  cen- 
tre surrounded  bv  a  yellowish  marginal  zone ;  later  these  differences  in  color 
are  not  seen,  and  to  the  naked  eye  the  colonies  are  bluish-white.  In  gelatin 
stick  cultures  a  thin  layer  forms  upon  the  surface  which  is  not  characteris- 
tic. In  bouillon,  at  the  room  temperature,  the  liquid  becomes  densely 
clouded  and  white  flocculi  are  deposited  at  the  bottom  of  the  tube.  Upon 
potato  a  moist,  dirty-yellow  layer  is  developed.  Not  pathogenic  for  mice  or 
for  guinea-pigs. 

335.  BACILLUS  NO.   II.   OP  FULLES. 

Found  in  the  soil. 

Morphology, — Small  bacilli  with  round  ends;  resemble  cocci. 

Biotogiccu  Characters. -^ An  aerobic,  non-liquefying  bacillus.  Spore  for- 
mation not  observed.  Presents  oscillatory  movements  only.  Upon  gelatin 
plates  somewhat  elevated,  round,  grayish-white  colonies  are  developed  upon 
the  surface ;  the  deep  colonies  are  small,  yellowish  in  color,  and  unaer  a  low 
power  are  seen  to  be  finely  granular,  brownish-yellow,  and  with  sharp  con- 
tours, l^e  superficial  colonies  attain  a  diameter  of  two  millimetres  and 
have  a  brownish-yellow  color.    In  gelatin  stick  cultures  the  growth  is  at 
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first  nail-shaped;  later  it  spreads  out  upon  the  surface.  Upon  agar  a  thin, 
white  layer  with  irregular  outlines  is  developed.  In  5outUon,  at  the  room 
temperature,  a  dense  cloudiness  is  developea  and  a  thick,  slimy  deposit  ac- 
•cumulates  at  the  bottom  of  the  tube.  Upon  potcUo  a  moist,  granular,  yel- 
lowish-white layer  is  developed.     In  milk  an  acid  reaction  is  not  produced. 

33G.   BACILLUS  PHOSPHORESCBNS  GELIDUS   (Forster). 

Found  in  phosphorescent  sea  fish. 

Morphology.— -In  recent  cultures  the  bacilli  appear  as  small  rods  witli 
slightlv  rounded  ends  and  about  three  times  as  long  as  broad;  in  cultures 
more  than  twenty-four  hours  old  they  are  thicker  and  nearlv  oval  in  form. 

Biological  Characters. — An  aerobic,  non-liqttefying  bacillus.  Spore 
formation  not  positively  determined.  Grows  slowly  at  the  room  tempera- 
tui*e,  and  even  as  low  as  0"*  C. ;  is  killed  in  a  few  hours  by  exposure  to  a 
temi>ei*ature  of  35"  to  37**  C.  Cultures  freely  exposed  to  the  air  are  phos- 
phorescent in  the  dark  when  kept  at  a  temperature  between  0"  and  20^*  C. — 
]>hosphorescence  ceases  at  32^  C.  Upon  gelatin  plates,  at  the  end  of  forty- 
eight  hours,  small,  punctiform  colonies  are  developed;  under  the  microscope 
these  are  seen  to  be  spherical,  grayish-white  in  color  with  a  greenish  shim- 
mer; later  granular,  yellowish,  and  with  somewhat  irregular  outlines.  In 
gelatin  stick  cultures  a  white  layer  is  developed  upon  the  surface;  very 
scanty  growth  along  the  line  of  puncture.  Upon  agar  the  growth  is  simi- 
lar to  that  on  gelatin.    Upon  potato  a  broad,  white  layer  is  developed. 

337.   BACILLUS  SMARAGDINO-PHOSPHORESCEXS  (Katz). 

Obtained  from  a  herring  from  the  fish  market  at  Sydney,  New  South 
Wales. 

Resembles  Photobacterium  phosphorescens  (Cohn)  described  by  Beyer- 
inck,  and  Photobacterium  Pfliigeri  (Ludw.). 

Morphology, — Bacilli  with  somewhat  pointed  ends,  about  2  /i  long  and 
1  fA  broad;  solitary  or  in  pairs;  in  recent  cultures  closely  resemble  cocci. 

Biological  Characters, — An  aerobic,  nan-liquefy ina,  non-motile  bacil- 
lus. Spoi*e  formation  not  observed.  Grows  in  the  usual  cultm?e  media  at 
the  room  temperature.  Upon  gelatin  plates,  at  the  end  of  eighteen  hours, 
the  deep  colonies  are  seen  as  grayisn  points,  and  the  superficial  as  thin, 
^•ayish- white  drops;  under  a  low  power  these  are  pale-gray  with  a  yellow- 
ish tint,  finely  granular,  and  transparent  near  the  margins,  which  are  finely 
dentate ;  diameter  from  0.3  to  0.45  millimetre,  ^he  deep  colonies,  under  the 
mici"ascoi>e,  are  seen  to  be  oval  or  lemon-shaped,  with  a  smooth,  well-defined 
contour,  and  about  0.15  millimetre  in  diameter;  they  consist  of  a  broad  cen- 
tral i)ortion  surrounded  by  a  narrow  central  and  still  narrower  marginal 
zone;  zone  formation  not  observed  in  colonies  in  eight-per-cent gelatin.  At 
the  end  of  twenty  days  the  superficial  colonies  attain  a  oiameter  of  two  milli- 
nieti'es;  they  are  flat,  have  irregular  outlines,  and  are  composed  of  a  rela- 
tively small  central  portion  of  a  yellowish  color,  surroundea  by  a  slate-col- 
ored marginal  zone;  the  deep  colonies  at  this  time  (twenty  days)  are  about 
0.6  millimetre  in  diameter  and  yellowish-white  in  color — under  the  micro- 
scope straw-yellow.  In  gelatin  stick  cultures  (six  per-oent  gelatin)  a  thin, 
white  line  of  growth  is  seen  along  the  line  of  puncture,  and  a  flai,  round, 
grayish-white  layer,  with  a  stearin  lustre,  is  developed  upon  the  surface;  this 
acquires  a  diameter  of  about  five  millimetres.  Cultures  made  by  £atz  for  a 
year  in  six-per-cent  ^latin  gave  no  evidence  of  liquefaction,  but  subse- 
quently the  same  bacillus,  cultivated  in  six-per-cent  gelatin  containing  2.7 
per  cent  of  sodium  chloride,  caused  liquefaction  of  the  gelatin  beneath  the 
surface  gro^vth,  which  gradually  extended  downward.  Growth  occurs  upon 
the  surface  of  agar,  but  this  is  not  a  very  favorable  medium.  In  neutral 
bo ui lion  development  occurs,  and  a  diflPuse  cloudiness  is  seen,  but  no  growtli 
occurs  in  simple  fiesh  infusion;    when,  however,  2.5  per  cent  of  sodium 
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chloride  is  added  to  this  it  constitutes  a  favorahle  medium.  Upon  the  sur- 
face of  sterilized  milk  a  tolerably  abundant,  sticky,  glistening  layer  of  a 
cream-white  color  is  developed.  Upon  cooked  egg  a  thin,  grayish-white, 
phosphorescent  layer  is  formed.  No  growth  on  potato  which  has  an  acid 
reaction,  but  when  the  acidity  is  neutralized  with  a  solution  of  sodium  phos- 
phate a  thin,  brownish-yellow  layer  is  developed.  Small  <j[uantities  of  a 
pure  culture  added  to  sea  water  cause  it  to  exhibit  a  very  decided  phospho- 
rescence, and  the  addition  of  sodium  chloride  to  culture  media  favors  the 
growth  of  the  bacillus  and  its  phosphorescent  power.  Free  access  of  oxyffen 
is  cjssential  for  the  growth  and  phosphorescence  of  this  species.  The  color 
of  the  hght  given  oflP  by  fresh  cultures  is  emerald-ffreen ;  it  is  less  intense  in 
agar  cultures  than  in  cultures  in  nutrient  gelatin,  bouillon,  or  upon  cooked 
fish. 

338.   BACILLUS  ARGENTBO-PHOSPHORESCENS  NO.    I.    (Katz). 

Obtained  from  sea  water  at  Elisabeth  Bay,  Sydney,  New  South  Wales. 

Morphology. — Slender,  slightly  curved  Mcilli  with  pointed  ends,  about 
2.5 /« long  and  one-third  as  thick  as  they  are  long;  solitary  or  in  pairs;  oc- 
casionally in  long,  wavy  filaments. 

Biological  Chai^acters.— An  aJSrobic,  non-liquefying,  motile  bacillus. 
Spore  formation  not  observed.  Grows  in  the  usual  culture  media  at  the 
ix>om  temperature — ^not  in  the  incubator  at  35'  C.  Upon  gelatin  plates 
(six-per-cent  gelatin),  at  the  end  of  twenty  hours,  the  superficial  colonies  ap- 
l^ear  as  flat,  shining,  transparent  drops  from  0.4  to  0.6  millimetre  in  dia- 
meter; under  the  microscope  they  are  seen  to  be  homogeneous  and  usually 
circular  in  outline,  with  a  dentate  margin.  The  deep  colonies  are  spherical 
or  short  oval;  they  have  a  smooth,  well-defined  contour  and  pale-yellow 
color.  At  the  end  of  forty-eight  hours  the  superficial  colonies  are  granular, 
I>ale-yellow.  with  an  undulating  contour,  ana  about  1.26  millimetres  in  dia- 
meter; at  tne  same  time  the  deep  colonies  are  pea  yellow  and  uniformly 
granular;  later  the  deep  colonies  present  three  well-defined  zones ;  the  super- 
nciai  colonies  also,  at  the  end  of  twenty  days,  present  two  or  three  distinct 
zones;  they  attain  a  diameter  of  about  three  miUimeti-es.  In  eight-percent 
gelatin  the  deep  colonies,  at  the  end  of  two  days,  are  oval,  and  under  the 
microscope  show  three  well-defined  zones;  the  superficial  colonies  present 
the  same  appearance  in  from  four  to  seven  days,  at  which  time  they  nave  a 
diameter  of  three  millimetres — later  as  much  as  seven  millimetres.  In  gela- 
tin stick  cultures  (six  per  cent)  development  occurs  upon  the  surface  as  a 
flat  shining,  usually  circular  layer,  about  one  cubic ceiltimetre  in  diameter,* 
ana  of  a  greenish-yellow  or  wax-like  color.  No  growth  occurs  in  acid  gela- 
tin. In  old  gelatin  cultures  containing  2.7  per  cent  of  sodium  chloride 
liquefaction  sometimes  occurs  at  a  temperature  approaching  that  at  which 
the  gelatin  would  become  liquid.  In  bouillon  a  diffuse  cloudiiiess  is  pro- 
duced and  a  film  is  formed  upon  the  surface ;  no  growth  occurs  in  flesh  in- 
fusion without  the  addition  or  peptone  and  salt,  but  the  addition  of  2.5  per 
cent  of  sodium  chloride  to  neutral  flesh  infusion  makes  it  a  favorable  me- 
dium. Upon  the  surfsuce  of  sterilized  fish  a  pale-yellow,  glistening,  stick v 
layer  is  developed.  Upon  cookedegg&  thin,  grayisn- white  layer.  No  growth 
on  potato,  Phasphorcscence  depends  upon  the  presence  of  certain  salts— 
especially  sodium  chloride — in  the  culture  medium,  and  upon  the  free  access 
of  oxygen.  In  bouillon  cultures,  when  a  mycoderma  has  formed  upon  the 
surface  this  shows  phosphorescence,  while  the  liquid  below  does  not.  The 
light  given  off  is  or  a  silver-white  color,  and  a  recent  culture  upon  the  sur- 
face of  gelatin  gives  suflicient  light  to  enable  one  to  determine  the  time  from 
a  watch  in  a  dark  room. 


339.   BACILLUS  ARGENTfiO-PHOSPHORESCENS  NO.   II.    (Katz). 

>btained  f  rom  phospl 
ney,  New  South  Wales. 


Obtained  from  phosphorescent  pieces  of  fish  found  in  the  market  at  Syd- 
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Morphology, — Bacilli  with  round  ends,  about  2.1  fi  long  and  0.67/t  broad; 
occasionally  form  short  filaments.. 

Biological  Charojcters. — An  aerobic,  non-liquefying,  non-motile  bacil- 
lus. Spore  formation  not  observed.  Grows  in  the  usual  culture  media  at 
the  room  temperature— not  so  well  at  ^2^^  to  84^  C.  Upon  gekUin  plates  (six 
per  cent),  at  the  end  of  twenty-four  hours  at  18°  to  20^  C.,  the  superficial 
'  colonies  have  a  diameter  of  0.5  millimetre  and  resemble  little  drops  of  stea- 
rin ;  they  have  a  circular  and  sharply  defined  contour,  are  homogeneous, 
and  of  a  pale  yellowish-gray  color;  at  the  end  of  forty-eight  hours  they  are 
grayish- yellow,  finely  granular,  with  irregular  contour,  and  about  one  milli- 
metre in  diameter.  The  deep  colonies  are  much  smaller,  have  a  greenish- 
yellow  color,  granular  contents,  and  a  smooth,  well-defined  contour.  The 
deep  colonies  which  come  to  the  surface  spread  out  to  form  a  bluish-eray, 
shining  disc,  which  may  attain  a  diameter  of  six  millimetres.  In  gdatin 
stick  cultures  scanty  development  along  the  line  of  puncture,  and  a  grayish- 
white,  glistening  layer  of  limited  extent  upon  the  surface.  Upon  the  sur- 
face of  ten-per-cent  gelatin  a  bluish-gray  band  with  cloudy  margins  along 
the  impfstrich.  In  &>uillon  cultures  the  liquid  is  diffuselv  clouded,  but  no 
raycodermais  formed  upon  the  surface.  Upon  sterilized  fish  a  shining,  sticky 
layer  of  a  yellowish  color — here  and  there  lemon-yellow;  the  cultures 
have  a  silver-white  phosphorescence  in  the  dark,  and  a  small  quantity  added 
to  a  considerable  quantity  of  sea  water  causes  this  to  be  phosphorescent. 
The  presence  of  certain  salts,  and  especially  of  sodium  chloride,  and  free 
contact  with  oxygen,  is  favorable  to  the  growth  of  this  bacillus  and  to  the 
development  of  phosphorescence. 

340.   BACILLUS  ARGENTEO-PHOSPHORESCENS  NO.   III.    (Katz). 

Obtained  from  a  fragment  of  cuttlefish  which  was  phosphorescent,  at 
Sydney,  New  South  Wales. 

Morphology. — ^Resemble  Bacillus  ar;^nteo-pho8phorescens  No.  II.,  but 
the  rods  are  a  little  thinner  and  are  motile;  frequently  united  in  pairs  and 
occasionally  form  short  filaments. 

Biological  Characters. — An  aerobic,  non-liquefying,  motile  bacillus. 
Spore  formation  not  observed.  Grows  at  the  room  temperature  in  the  usual 
culture  media— not  so  well  at  32°  to  34°  C.  Upon  gelatin  plates,  at  the  end 
of  twentjr-four  hours  at  18**  to  20"*  C. ,  the  superficial  colonies  appear  as  white 
scales  with  irregular  outlines,  sometimes  wrinkled,  and  marked  with  fine 
lines  or  furrows,  about  0.45  millimetre  in  diameter.  The  deep  colonies  are 
spherical,  oval,  or  lemon-shaped,  homogeneous,  and  greenish-yellow  in  color; 
at  the  end  of  forty-eight  hours  th^y  appear  finely  granular  and  divided  into 
two  zones.  At  tne  end  of  a  week  the  superficial  colonies  attain  a  diameter 
of  about  three  millimetres ;  they  are  bluish-g-ray  and  cloudy  in  appearance, 
quite  thin,  and  have  a  notched  or  dentate  margm.  Upon  the  surface  of  gelcUia 
Htick  cultures  a  layer  is  developed  which  extends  neai'ly  to  the  walls  of  the 
tube,  and  which  becomes  very  thin  at  the  margins.  Development  occurs 
upon  the  surface  of  a^ar,  but  this  is  not  a  very  favorable  medium.  In  bouil- 
lon a  diffuse  cloudmess  is  produced  and  a  m3rcoderma  forms  upon  the  surface. 
The  addition  of  2.5  per  cent  of  sodium  chloride  to  bouillon  or  other  media  is 
favorable  to  the  growth  and  phosphorescence  of  this  bacillus,  as  of  those 
previously  descried.  Upon  sterilized  fish  a  viscid,  glistening,  yellowish 
layer  is  developed.  No  growth  upon  acid  potato.  The  cultures  give  otf  a 
silver- white,  phosphorescent  light.  Bouillon  cultures  commence  to  give  off 
light  from  the  surface  at  the  end  of  four  or  five  days,  and  at  the  end  of  eight 
days  the  floating  mycoderma  may  give  a  light  by  which  the  time  can  be  dis- 
cerned, ^in  a  dark  room,  from  a  watch ;  the  light  is  a  '*  bluish-greenish  white.'' 
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Z).  Non-chromogenic,  Liquefying  Bacilli. 

341,   BACILLUS  CYANEO-PHOSPHORESCENS  (Katz). 

Obtained  from  sea  water  at  Little  Bay,  near  Sydney,  New  South  Wales. 
Very  nearly  related  to  Bacillus  phosphorescens  of  Fischer  (Katz). 

Morphology, — Bacilli  with  round  ends,  about  2,^  fn  long  and  1  /<  thick; 
solitar^r  or  in  pairs ;  occasionally  grow  out  into  long  filaments. 

Stains  by  Gram's  method. 

Biological  Characters.— An  aerobic  a.nd  facultative  anairobic,  liquefy- 
ing,  motile  bacillus.  Spore  formation  not  observed.  The  cultures  give  off 
a  oluish  phosphorescence  which  has  a  faint  greenish  tint.  Grows  in  the 
usual  culture  media  at  the  room  temperature — best  at  2^"  C. ;  very  scanty 
growth  upon  nutrient  a^r  at  32''  to  84  C.  Upon  gelatin  plates,  at  the  end 
of  eighteen  hours,  colonies  are  already  visible;  those  upon  the  surface  and 
those  in  the  interior  of  the  gelatin  are  of  about  the  same  dimensions — 0.25  to 
0.4  millimetre;  under  the  microscope  they  are  seen  to  be  finely  granular, 
have  a  sharply  defined,  smooth  contour  and  a  dark-gray  color;  the  superfi- 
cial colonies  are  finely  granular  and  pale  yellowish-gray  in  color.  At  the 
end  of  forty-eight  hours  the  superficial  colonies  are  surrounded  by  a  broad 
girdle  of  liquefied  gelatin,  at  the  bottom  of  which  they  lie  in  contact  with 
the  glass  plate ;  they  are  of  a  dirty  brownish-yellow  color  and  irregular  in 
outline;  the  liquefied  gelatin  is  pale-gray  or  yellowish-gray  by  transmitted 
light,  and  contains  here  and  there  granular  masses  scattered  through  the 
more  finely  granular  structure.  At  this  time  the  deep  colonies  are  yet  well 
defined,  have  irregular  outlines,  and  are  of  a  dirty  yellowish-brown  color; 
they  have  a  diameter  of  about  0.3  to  0.5  millimetre,  and  are  surrounded  by  a 
zone  of  liquefied  gelatin  about  0.05  to  0, 1  millimetre  in  diameter ;  this  is  finely 
granular,  light-brown  or  light-gray  in  color,  and  marked  by  delicate  radial 
striations.  When  the  colonies  are  crowded  upon  a  plate  liquefaction  may 
be  complete  at  the  end  of  eighteen  hours;  the  liquefied  gelatin  gives  ofiP  a 
peculiar  odor.  In  gelatin  stick  cultures  (six-percent  gelatin)  liquefaction 
commences  beneath  the  surface  Cfrowth,  and  at  the  end  of  forty-eight  hours 
a  shallow  cavity  of  watch-glass  form  is  seen  which  has  a  diameter  of  about 
five  millimetres — temperature  of  20°  to  22"  C. ;  at  the  bottom  of  this  a  gray- 
ish-white layer  is  seen,  and  below  this  a  line  of  development  along  the  track 
of  the  inoculating^  needle;  this  is  surrounded  by  a  narrow  zone  or  liquefac- 
tion. At  the  end  of  three  or  four  days  liquefaction  at  the  surface  reaches 
the  walls  of  the  test  tube ;  when  liquefaction  is  complete  a  yellowish,  viscid 
mass  is  seen  at  the  bottom  of  the  tube  and  a  mycoderma  upon  the  surface; 
the  gelatin  is  at  first  diffusely  clouded  and  later  becomes  transparent;  it  has 
a  yellowish  color,  which  gradually  changes  to  reddish-brown.  In  six-per- 
cent gelatin  containing  2.7  per  cent  of  sodium  chloride  development  is  espe- 
cially abundant  and  rapid^  and  short,  radiating  processes  are  given  off  into 
the  gelatin  in  advance  of  liquefaction.  In  bouulon  diffuse  cloudiness  occurs 
and  a  mycoderma  forms  upon  the  surface.  No  development  occurs  in 
simple  flesh  infusion,  but  the  addition  of  0.5  per  cent  of  sodium  chloride  to 
this  constitutes  a  medium  in  which  growth  occurs— still  better  2.5  per  cent. 
Upon  sterilized  fish  a  glistening,  sticky  layer  of  a  yellowish  or  yellowish- 
brown  color,  in  the  thicker  places,  is  developed.  Phosphorescence  depends 
upon  the  free  access  of  oxygen  and  the  presence  of  certain  salts,  especially 
sodium  chloride.  A  very  minute  quantity  of  a  culture  added  to  sea  water 
causes  it  to  exhibit  phosphorescence.  Cultures  upon  the  surface  of  agar 
give  sufficient  light  to  enable  one  to  distinguish  printed  letters  in  a  dark 
room.     No  growth  upon  potato. 

343.   BACILLUS  ARGENTEO-PHOSPHORBSCENS  LIQUEFACIENS  (Katz). 

Obtained  from  sea  water  at  Bondi  Bay,  near  Sydney,  New  South  Wales. 
Besembles  Photobacterium  luminosum  of  Beyerinck. 

56 
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Morphology, — Straight  or  slightly  curved  bacilli  with  round  ends;  about 
two  /« long  and  one-third  as  broad;  grow  out  into  filaments  of  various 
lengths. 

Bioloaical  Characters, — An  aerobic  and  facvltattve  anaerobic,  liquefy- 
ingy  motile  bacillus.  Spore  formation  not  observed.  Cultures  pvo  off  a 
silvery  phosphorescence,  which  is  less  intense  than  with  the  previously  de- 
scribed species.  Grows  at  the  room  temperature  in  the  usual  culture  media 
— ^best  at  25'*  C. ;  does  not  grow  in  the  incubating  oven  at  84°  C.  Upon 
gelatin  plates,  at  the  end  of  twenty- four  hours  at  the  1:00m  temperature, 
small,  hyaline  discs  are  developed,  which  under  the  microscope  are  seen  to 
be  finely  granular  and  light-brown  in  color;  they  are  irregularly  circular  in 
outline  and  about  0.7  millimetre  in  diameter;  the  deep  colonies  are  con- 
siderably smaller,  mulberry-like  in  structure,  and  straw- yellow  in  color. 
At  the  end  of  forty-eight  hours  shallow  liquefaction  has  occurred  beneath 
the  superficial  colonies,  in  watch-glass  form,  and  about  two  millimetres  in 
diameter ;  under  the  microscope  a  central  mass  of  a  strawyellow  color  is  seen, 
around  this  a  narrow,  light-brown  zone  with  granular  contents,  and  outside 
of  this  a  broader  peripheral  zone,  from  which  fine,  radiating  outgrowths  are 
riven  off  into  the  non-liquefied  gelatin.  At  the  same  time  (forty-eight  hoars) 
the  deep  colonies  have  a  diameter  of  0.3  to  0.45  millimetre  and  a  more  or  less 
polygonal  contour;  they  are  straw-yellow  in  color  and  consist  of  a  finely 
granular  central  mass,  surrounded  by  a  slender,  marginal  zone  which  is 
marked  by  radial  striations.  After  complete  liquefaction  of  the  gelatin  the 
colonies,  which  remain  attached  to  the  glass  plate,  have  a  lemon-yellow  color. 
In  gelatin  stick  cultures  (six  per  cent)  liquef  action  occurs  benewi  the  super- 
ficial layer  which  is  developed,  in  form  of  a  shallow  watch  glass,  and 
gradually  extends  in  diameter  and  depth;  growth  also  occurs  along  the  line 
of  puncture,  and  the  cultures  resemble  those  of  Bacillus  cyaneo-phosphores- 
cens,  but  with  less  rapid  development  and  liquefaction  of  the  gelatin ;  also 
without    the    formation    of   hair  like   outgrowths   into   the   non-liquefied 

gelatin.  The  addition  of  2.7  per  cent  of  sodium  chloride  is  favorable  for  the 
evelopment  of  this  as  for  the  previously  described  species  of  phosphorescent 
bacilli;  on  the  other  hand,  the  addition  of  two  per  cent  of  glucose  exercises 
a  restraining  influence  upon  the  growth  of  all  the  species  studied  by  Katz. 
In  bouillon  a  diffuse  cloudiness  is  produced  by  the  growth  of  this  bacillus, 
and  a  mycoderma  is  formed  upon  the  surface.  No  growth  occurs  in  simple 
meat  infusion,  but  an  abundant  development  when  2.5  per  cent  of  sodium 
chloride  is  added  to  this.  Upon  sterilized  fish  a  shining,  sticky,  yellowish- 
gray  layer  is  developed.    No  growth  upon  potato. 

343.   BACILLUS  PHOSPHORESCBNS  INDICUS  (Fischer). 

Found  in  sea  water  from  the  Gulf  of  Mexico. 

Aforp/ioZo^^.— Bacilli  with  rounded  and  pointed  ends,  from  two  to  three 
times  as  long  as  broad:  length  from  one-sixth  to  one-quarter  the  diameter 
of  a  red  blood  corpuscle;  solitary  or  in  pairs;  also  in  short  filaments. 

Stains  readilv  with  the  aniline  colors,  but  unstained  places  are  often  seen 
in  the  interior  of  the  rods. 

Biological  Characters. — An  aerobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  Cultures,  especially  upon  animal  substances  and 
in  presence  of  certain  soda  salts,  exhibit  a  oeciaed  phosphorescence  in  the 
dark  ;  this  depends  upon  free  access  of  air,  and  is  most  marked  at  a  tem- 
perature of  25""  to  30  C.  It  is  no  longer  manifested  at  a  temperature  of 
0""  C,  and  is  neutralized  by  putrefaction.  Grows  in  the  usual  culture  media 
at  the  room  temnerature— not  so  well  in  the  incubating  oven.  Upon  g^atin 
plates,  at  the  ena  of  thirty-six  hours,  small,  round,  grayish-white,  punctiform 
colonies  are  developed ;  under  a  low  power  these  are  seen  to  be  spherical, 
with  well-defined  outlines,  and  have  a  sea-green  color  with  a  pink  shimmer; 
later  they  become  granular,  have  a  wavy  outline  and  a  dirty-yellow  color. 
In  gelattn  stick  cultures,  at  the  end  of  four  days,  a  grayish-white  line  of 
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growth  is  seen  along  the  track  of  the  inoculating  needle,  and  at  the  surface 
a  cup-shaped  depression,  the  size  of  a  hempseed,  which  contains  air;  in  older 
cultures  tne  ^latin  is  liquefied  near  the  surface  and  a  thin,  dirty -yellow  film 
swims  upon  it.  Upon  tne  surface  of  aqar  a  grayish-white  layer  is  devel- 
oped. Upon  potato,  at  15"  to  20'  C,  a  thin  and  hroad  white  layer.  Upon 
blood  serum  a  narrow,  grayish-white  stripe,  which  extends  to  a  tolerably 
deep  channel,  with  irregular  margins,  from  0.5  to  1  centimetre  wide;  this  is 
lin^  with  a  slimy,  grayish-white  growth.  Cooked  fish  or  flesh  constitutes 
a  favorable  medium  for  the  growth  of  this  bacillus.  By  means  of  the  phos- 
phorescent light  given  off  by  cultures  of  this  bacillus,  Fischer  has  succeeded 
in  making  photographs  not  only  of  the  cultures,  but  of  a  watch  dial  placed 
between  two  cultures— an  exposure  of  twenty-four  hours'  duration  and  a 
very  sensitive  dry  plate  were  required  to  accomplish  this. 

344.  BACILLUS  PHOSPHORBSCENS  INDIGENUS  (Fischer). 

Found  in  sea  water  from  the  harbor  at  Kiel  and  upon  phosphorescent 
herring. 

Morphology. — Bacilli  with  round  and  slightly  pointed  ends;  somewhat 
shorter  than  Bacillus  phosphorescens  Indicus,  but  of  the  same  thickness — 
from  1.3  to  2,1  ti  long  and  0.4  to  0.7  m  broad;  solitary  or  in  pairs;  may  grow 
out  into  filaments. 

Biological  Characters, — ^An  aerobic,  liquefying^  motile  bacillus.  Cul- 
tures give  off  a  bluish-white,  phosphorescent  light— not  so  intense  as  that 
from  Bacillus  phosphorescens  Indicus;  phosphorescence  depends  upon  free 
access  of  oxygen.  Sea  water  to  which  a  small  amount  of  a  culture  is  added 
is  phosphorescent  in  the  dark  Spore  formation  not  observed.  Grows  at  the 
room  temperature  in  the  usual  culture  media— more  slowly  than  Bacillus 
phosphorescens  Indicus.  Grows  at  5''  to  10°  C,  and  even  below;  at  a  tem- 
perature of  32"*  C.  development  still  occurs,  but  the  cultures  do  not  exhibit 
phosphorescence.  Upon  gelatin  plates  the  gelatin  is  depressed  about  the 
small  spherical  colonies,  and  at  the  end  of  a  week  cylindrical  cavities  filled 
with  air,  and  not  more  than  one  millimetre  in  diameter,  are  formed  in  the 
gelatin ;  at  the  bottom  of  these,  on  the  surface  of  the  plate,  the  colonies  are 
seen ;  these  are  the  size  of  a  pin's  head,  thin,  disc-formed,  and  dirty  yellow  in 
color;  under  a  low  power  very  young  colonies  are  seen  to  be  circular,  with 
well-defined  margins,  and  of  a  pale  sea-sreen  color;  here  and  there  reddish- 
shimmering  granules  are  seen  in  the  otherwise  homo^neous  contents ;  the 
older  colonies  are  made  up  of  irregular,  dirty  yellowish-gray  masses.  In 
gelatin  stick  cultures,  at  the  end  or  a  week,  a  conical  cavity  forms  near  the 
surface,  which  is  filled  with  air  and  is  hned  with  a  thin,  friable  growth ;  at 
the  surface  the  mouth  of  the  cone  measures  about  two  millimetres  in  diame- 
ter; this  cavity  increases  in  dimensions  without  containing  any  liquefied 
gelatin;  in  old  cultures  it  may  be  three  to  five  millimetres  in  diameter  and 
two  to  three  centimetres  deep,  the  walls  being  covered  with  a  thin  layer  of 
bacilli,  and  a  mass  of  the  same  accumulating  at  the  bottom.  No  growth 
occurs  upon  potato  op  upon  blood  serum, 

345.  BACILLUS  CIRCULANS  (Jordan). 

Found  occasionally  in  water  from  the  Merrimac  River. 

Morphology, —BRciWi  with  round  ends,  from  2  to  6  m  long  and  about  1 
M  broaa ;  usually  solitary,  but  sometimes  in  loosely  connected  chains  of 
three  or  four  elements. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing,  mottle  bacillus.  Forms  oval  spores,  which  are  located  at  the  ends  of 
the  rods  and  are  of  about  the  same  diameter  as  these.  Grows  in  the  usual 
culture  media  at  the  room  temperature — better  at  37"*  C.  Upon  gelatin 
plates,  at  the  end  of  two  days,  round,  brownish  colonies  become  visible; 
under  a  low  power  the  liquid  contents  of  these  colonies  are  seen  to  be  in  mo- 
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Fio.  219.  —  Bacillus  cinndans, 
from  an  agar  culture  five  days  old. 
X  1,000.    (Jordan.) 


tion,  owing  to  the  active  movements  of  the  individual  hacteria;  the  motion 
maj  be  compared  to  the  circulation  of  protoplasm  in  a  cell ;  this  is  seen  after 
forty-eight  nours  of  growth,  but  ceases,  as  a  rule,  on  the  third  day,  at  which 
time  the  contents  are  seen  to  be  coarsely  granular;  a  round,  deep,  even  de- 

Eression  is  formed  in  the  ^latin,  which  at  the  end  of  several  weeks  may 
ave  a  diameter  of  a  centimetre;  the  contour  of  the  colonies  is  usuallr 
smooth,  but  may  be  somewhat  lobate  and  irregular.  In  gelatin  stick  cul- 
tures development  is  slow  along  the  upper  part  of  the  line  of  puncture,  and 

a  conical-shaped  cavity  is  formed,  at  the  hot- 
torn  of  which  a  precipitate  accumulates,  while 
above  the  conical  cavity  is  empty  owing  to  the 
slowness  of  growth  and  drying-up  of  the  hq- 
uefied  gelatin.  The  upper  part  of  the  cone 
often  has  a  somewhat  ringed  appearance.  This 
bacillus  grows  well  in  a  sliffhtlv  acid  medium. 
Upon  the  surface  of  agar  development  occurs 
along  the  line  of  puncture,  and  a  very  thin, 
translucent  layer  is  formed  upon  the  surface. 
Upon  potato  a  slow  and  scanty  growth  having 
about  tlie  same  color  as  the  cut  surface  of  the 
potato.  In  milk  a  slightly  acid  reaction  oc- 
curs and  the  casein  is  slowly  precipitated; 
after  cultivation  for  several  montns  the  bacil- 
lus no  longer  caused  coagulation  of  milk.  In 
bouillon  a  cloudiness  is  seen  at  the  end  of  three 
or  four  days,  and  a  considerable  slimy  preci- 
pitate is  formed;  no  film  forms  upon  the  surface.  Nitrates  are  slowly  re- 
duced to  nitrites  by  this  bacillus. 

346.  BACILLUS  SUPERFICIALIS  (Jordan). 

Found  frequently  in  sewage  at  Lawrence,  Mass. 

Morphology.— Bacilli  with  round  ends,  about  2.2  //  long  and  1  fi  broad; 
solitary  or  in  pairs. 

Biological  Characters,— An  aerobic,  liquefying,  motilehacillus.  Spore 
formation  not  observed.  Grows  at  the  room  temperature  in  the  usual  cul- 
ture media— better  at  37*  C.  Upon  gelatin  plates  colonies  become  visible  ai 
the  end  of  forty-eight  hours :  under  a  low  power  they  are  seen  to  be  divided 
by  irregular  lines  into  angular  lumps,  giving  a  cracked  appearance  to  the 
whole  colony,  which  is  irregularly  spherical  in  form.  Upon  coming  to  the 
surface  the  colonies  spread  out  to  form  a  round,  finely  granular  disc,  which 
to  the  naked  eye  looks  like  a  projecting,  translucent  drop ;  this  slowly  in- 
ci*eases  in  dimensions,  and  the  surrounding  gelatin  is  slowly  liquefied ;  after 
some  days  the  colony  has  an  opaque,  yellowish-brown  centre  and  a  translu- 
cent edge.  In  gelatin  stick  cultures  tnere  is  a  very  scanty  growth  along  the 
line  of  puncture  and  more  abundant  development  upon  the  surface;  lique 
faction  proceeds  slowly,  and  by  the  end  of  ten  days  may  reach  the  walls  of 
the  test  tube.  This  bacillus  grows  well  in  acid  gelatin.  Upon  the  surface 
of  agar  a  moist,  lustrous,  gray,  translucent  layer  is  developed;  at  the  end  of 
sevei'al  weeks  this  growth  is  still  smooth  and  glistening,  and  has  a  light- 
brown  tint.  Does  not  grow  upon  potato.  Does  not  cause  coagulation  of 
milk,  which,  however,  acquires  a  slightly  acid  reaction.  In  boutUon  a  dif- 
fuse cloudiness  is  slowly  developed,  and  after  some  time  a  scanty  white 
sediment  is  seen;  no  film  forms  upon  the  surface. 

347.  BACILLUS  RETICULARIS  (Jordan). 

Found  in  water  at  Lawrence,  Mass. 

Morphology.— Bacilli  with  slightly  rounded  ends,  about  5  jn  long  and  1 
jn  broad ;  often  united  in  chains  of  eight  to  ten  elements. 
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Biological  Characters.— An  aerobic,  liquefying,  motile  bacillus.  Spore 
formatiozi  not  observed.  Motion  slow  and  sinuous.  Grows  at  the  room 
temperature  in  the  usual  culture  media — ^much  better  at  ST  C.  Upon  aela- 
iin plates  the  deep  colonies  send  out  long,  spiral  filaments,  which  give  a  hazy 
appearance  to  the  colony;  under  a  low  power  the  colony,  surrounded  by  ra- 
diating filaments,  resembles  a  jelly-fish  with  streaming  tentacles;  the  sur- 
rounding gelatin  is  slowl v  liquefied.  On  coming  to  the  surface  the  colony 
■f«preads  out  as  an  irregular  expansion,  under  which  the  gelatin  is  slowly 
liquefied,  and  at  the  same  time  dried  out  so  as  to  form  shallow,  cup-shaped 
depressions;  the  surface  of  these  cavities  is  mottled  in  appearance,  as  if  cov- 
■ered  with  a  fine,  irregular  reticulation.  In  gelatin  stick  cultures,  at  the  end 
of  two  days,  the  growth  at  the  surface  resembles  a  cup  with  fiaring  ed^s  ; 
liquefaction  occurs  slowly,  and  the  liquefied  gelatin  is  dried  by  evaporation, 
«o  that  the  cup-shaped  cavity  gradually  increases  in  dimensions;  it  is  lined 
with  a  reticulated  growth  similar  to  that  seen  in  the  colonies  upon  gelatin 
plates ;  at  the  end  or  three  days  fine  filaments  begin  to  grow  out  from  tne  line 
of  puncture,  but  these  do  not  reach  any  considerable  length.  This  bacillus 
•exhibits  a  scanty  development  under  a  mica  plate.  Upon  the  surface  of  a^ar 
A  prominent,  dull,  dry  layer  is  slowly  developed.  Upon  potato  a  white, 
•dull,  dry  layer  is  developed  at  the  end  of  two  days,  and  at  the  end  of  five 
days  this  has  a  characteristic  woolly  appearance.  Milk  acquires  an  acid  re- 
action and  is  slowly  coagulated — fifteen  to  twenty  days  at  the  room  tempe- 
rature. Bouillon  slowly  becomes  turbid  and  a  slight  viscid  sediment  is 
formed.     Nitrates  are  rapidly  reduced  to  nitrites  by  this  bacillus. 

348L  BACILLUS  HYALINU8  (Jordan). 

Found  in  large  numbers  in  the  sand  of  Tank  13  at  Lawrence,  Mass.,  **at 
A  time  when  the  tank  was  nitrifying  well.'' 

Morphology, — Bacilli  with  round  ends,  from  3.6  to  4  fi  long  and  1.5  /* 
broad ;  usually  united  in  short  chains. 

Biological  Characters, — An  aerobic  &nd  facultative  anaerobic,  liquefy- 
ing, actively  motile  bacillus.  Spore  formation  not  observed.  Grows  m  the 
usual  culture  media  at  the  room  temperature — better  at  37**  C.  Upon  gelatin 
plates  the  colonies  are  visible  at  the  end  of  twenty- four  hours;  they  are  seen 
to  consist  of  a  dark  central  nucleus  surrounded  by  a  broad,  translucent  zone, 
which  gives  the  colonies  a  hazy  appearance ;  under  a  low  power  the  interior 
is  seen  to  present  a  coarsely  fibrillar  appearance,  with  short  fibrils  radiating 
from  the  edge.  In  two  days  the  colonies  attain  a  diameter  of  about  one  and 
•one-half  centimetres;  they  are  round  in  contour,  with  a  distinct,  opaque, 
yellowish  margin,  from  which  radiating  fibrils  are  given  off;  the  interior  is 
slightly  translucent.  In  gelatin  stick  cultures,  at  the  end  of  two  days,  a 
long  and  narrow,  f unnel-aiaped  growth  is  seen ;  the  gelatin  is  rapidly  lique- 
fied and  is  at  first  clouded,  with  a  white  deposit  at  the  bottom  of  the  funnel ; 
later  a  lustrous  and  tenacious  white  layer  is  seen  upon  the  surface  and  a 
slight  fiocculent  deposit  at  the  bottom,  while  the  liquefied  gelatin  between 
is  entirely  transparent.  This  bacillus  grows  well  in  acid  gelatin.  Upon  the 
surface  of  agar  a  dry,  grayish,  spreading  growth  is  rapidly  developed  ; 
-when  four  or  five  days  om  small,  warty  projections  are  seen;  growth  also 
occurs  along  the  line  of  puncture  in  agar  stick  cultures.  Upon  potato,  at 
the  end  of  two  days,  the  growth  is  just  visible ;  at  the  end  of  four  days  a 
dry,  whitish-gray,  spreading  layer  is  developed ;  later  small  protuberances 
.are  seen  upon  the  surface  of  this.  In  milk  a  strongly  acid  reaction  with  co- 
agulation of  the  casein  is  produced  in  seven  days.  In  bouillon  a  diffuse 
cloudiness  is  quickly  produced ;  a  viscid  sediment  is  formed  and  a  myco- 
derma  forms  upon  the  surface.  This  bacillus  reduces  nitrates  vigorously  and 
rapidly. 

M9.  BACILLUS  CLOACA  (Jordan). 

Isolated  from  sewage  at  Lawrence,  Mass. — *'  one  of  the  most  common 
ibacteria  in  sewage.'^ 
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Morphology. — Short  oval  bacilli  with  round  ends,  from  0.8  to  1.9  i» 
lonfjT  and  from  0.7  to  1  //  broad;  frequently  united  in  pairs. 

Biological  Characters. — An  aerobic  snd  facidtatit)e  anaerobic^  liqtie- 
fying,  a^ctively  motile  bacillus.  Spore  formation  not  obaerved.  Grows  in 
the  usual  culture  media  at  the  room  temperature— better  at  37^  C.  Upon 
gelatin  plates,  at  the  end  of  one  or  two  days,  spherical,  yellowish  colonies 
are  seen;  upon  coming  to  the  surface  these  form  a  slignt  bluish  expansion 
with  irregularly  notched  edges,  and  liquefaction  of  the  gelatin  quickly  oc- 
curs ;  under  the  microscope  the  colonies  are  seen  to  have  an  opaque  centre 
surrounded  by  a  translucent  zone  and  a  darker  mar^n;  the  interior  is  finely 
granular;  li<^uefaction  of  the  entire  plate  occurs  within  three  or  four  days. 
In  gelatin  stick  cultures  development  occurs  along  the  line  of  puncture,  and 
liquefaction  rapidly  occurs;  later  an  iridescent  film  is  seen  upon  the  surface 
of  the  gelatin  and  an  abundant  flocculent,  whitish  sediment  at  the  bottom  of 
the  tul^.  This  bacillus  grows  well  in  slightly  acid  ^latin.  Ui>on  the  sur- 
face of  agar  a  moist,  slimy,  porcelain- white  layer  is  developed ;  an  abun- 
dant growth  also  occurs  along  the  line  of  puncture  in  ao^ar  stick  cultures. 
Upon  potato  a  prominent,  yellowish-white  layer  is  quickly  formed.  In 
milk  coagulation  occurs  in  about  four  days,  with  a  strongly  acid  reaction . 
In  bouillon  a  diffuse  cloudiness  is  seen  at  the  end  of  two  days,  and  at  the  end 
of  ten  to  fourteen  days  an  abundant  whitish  sediment  is  seen ;  a  slight  film 
forms  upon  the  surface;  this  falls  to  the  bottom  when  the  tube  is  disturbed; 
the  bouillon  is  still  clouded  at  the  end  of  two  or  three  weeks.  This  bacillus 
reduces  nitrates,  in  bouillon,  vigorously. 

350.  BACILLUS  DELICATULUS  (Jordan). 

Found  in  the  water  supply  at  Lawrence,  Mass. 

Morphology. — Bacilli  about  2  ji  long  and  1  ^  broad;  often  united  in 
pairs  or  in  short  chains. 

Biological  Chai'Ucters.^An  aerobic,  liquefying,  axitively  motile  bacil- 
lus. Spore  formation  not  obseiVed.  Grows  in  the  usual  culture  media  at 
the  room  temperature— somewhat  better  at  37**  C.  Upon  gelatin  plates  the 
young  colonies  are  seen  as  whitish,  homogeneous  spheres  with  a  regular,  ra- 
diating margin ;  at  the  end  of  two  days  liquefaction  of  the  surrounoing 
gelatin  occurs  In  gelatin  stick  cultures  liquefaction  progresses  rapidly 
alon^  the  line  of  puncture  and  is  complete  in  about  seven  days ;  a  thick, 
whitish  layer  is  then  seen  upon  the  surface,  and  an  abundant  flocculent, 
brownish  deposit  at  the  bottom  of  the  tube ;  the  liquefied  gelatin  remains 
clouded.  Grows  well  in  slightly  acid  gelatin.  Upon  the  surface  of  agar  a 
wrinkled,  grayish  layer  is  developed,  which  later  becomes  porcelain- white 
and  glistening;  development  also  occurs  alon^  the  line  of  puncture  in  agar 
stick  cultures.  Upon  potato  a  thin,  spreading,  gray  layer  is  developed. 
MiUc  acquires  a  strongly  acid  reaction  and  is  coagulated.  Bouillon  quickly 
becomes  clouded ;  a  white  film  forms  upon  the  surface  and  a  white  deposit 
is  seen  at  the  bottom  of  the  tube.  Nitrates  are  quickly  and  completely  re- 
duced to  nitrites  by  this  bacillus.  Does  not  grow  at  a  temperature  below 
15°  C. ,  and  quickly *dies  out  in  artificial  culture  media— in  a  few  weeks. 

351.  BACILLUS  AQUATiLis  (Frankland). 

Found  in  water — often  almost  the  only  microorganism  in  water  from  a 
deep  well  in  the  chalk  formation  at  Kent. 

Morphology, — Bacilli  about  2.5  m  m  length;  grow  out  into  filaments  of 
17  M  or  more  in  length — resembles  Bacillus  arborescens  (Frankland). 

Biological  Characters. — An  aerobic,  liquefying,  motile  bacillus.  Ex- 
hibits oscillatory  movements  only.  Spore  formsStion  not  observed.  Grows 
very  slowly  in  the  usual  culture  media  at  the  room  temperature.  Upon 
gelatin  plates  the  deep  colonies  are  at  first  smooth  in  outline,  later  the  mar- 
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^n  is  irregular;  when  the  colony  reaches  the  surface  a  very  slow  liquefac- 
tion of  the  gelatin  commences  and  the  appearance  of  the  colonies  becomes 
very  characteristic.  From  the  yellowish-brown  centre  twisted  bundles  of 
filaments  are  given  off  which  are  at  first  also  of  a  yellowish-brown  color, 
but  gradually  become  colorless  toward  the  periphery.  In  gelatin  stick  cul- 
tures development  is  extremely  slow ;  upon  the  surface  a  small,  yellowish 
mass  is  formed  at  the  point  of  puncture,  while  the  line  of  inoculation  is 
scarcely  visible ;  liquefaction  occurs  later  and  the  liquefied  gelatin  is  clouded ; 
-when  liquefaction  has  once  commenced  it  progresses  more  rapidly.  Upon 
the  surface  of  agar  a  glistening,  yellowish  layer  is  developed  whicn  extends 
but  little  beyond  the  impfstrich.  In  bouillon  a  diffuse  cloudiness  is  pro- 
<luced  and  a  whitish  sediment  is  seen  at  the  bottom  of  the  tube;  no  film  is 
formed  upon  the  surface.  Upon  potato  scarcely  any  development  occurs — 
a  faint  yellowish  stripe  along  the  impfstrich  only.  Reduces  nitrates  with 
formation  of  ammonia. 

352.  BACILLUS  DIFFUSUS  (Frankland). 

Found  in  the  soil. 

Morphology. — Bacilli  about  1.7 /<  long  and  0.5  m  broad;  solitary  or  in 
pairs ;  also  grow  out  into  long,  flexible  fimments. 

Biological  Characters, — An  aerobic,  liquefying  bacillus.    Exhibits  ro- 
tatory and  oscillatorv  movements  only.     Spore  formation  not  observed. 
Grows  in  the  usual  culture  media  at  the  room  temperature.     Upon  gelatin 
plates  the  superficial  colonies  after  a  time  have  a  very  characteristic  ap- 
pearance ;  they  extend  from  the  original 
centre  as  a  broad, thin, bluish-green  layer. 
Under  a  low  power  the  deep  colonies  re- 
semble colonies  of  the  cholera  spirillum ; 
they  are  nearly  spherical,  coarsely  gran- 
ular, and  have  somewhat  jagged  mar- 
g'ins ;  later  the  margins  are  still  more  ir-        i  |i  | 
regular   and  finely    dentate,   while  the        '^-i 
surface  near  the  margin  appears  coarsely 
g'ranular;  when  the  colonies  come  to  the 
surface  the  centre  is  no  longer  well  de- 
fined, but  remains  granular,  while  about  ^^*^^ 
it  a  very  characteristic  surface  growth     F10.220.  F10.221. 
occurs.      In  gelatin  stick  cultures  the       fio.  2*ao.— Bacillus  diffusus,  from  a  geU- 
<levelopment  is  almost  limited  to  the  sur-     tin  cuiiure.    x  1,000.   (Frankland.) 
face,  upon  which  a  smooth,   thin,  shin-       Fio.  «.»i.— Bacuim  diffusus;  superficial 
ing,  somewhat  greenish-yellow  layer  is     colonies    in    nutrient    geUtin.   x  100. 
form€Ki;  liquefaction  of  the  gelatin  be-     (Frankland.) 
neath  this  progresses  very  slowly.    Upon 

the  surface  cf  agar  a  verv  thm,  shining,  smooth  layer  of  a  feebly  yellow 
or  cream  color  is  developed.  In  bouillon  a  diffuse  cloudiness  is  developed 
and  a  greenish-yellow  sediment  is  formed,  while  some  flocculi  may  float 
u[>on  the  surface^  which,  however,  do  not  constitute  a  film.  Upon  potato  a 
thin,  smooth,  shming,  faintly  greenish-yellow  layer  is  formed. 

353.  BACILLUS  LIQUIDUS  (Frankland). 

Found  in  river  water  from  the  Thames ;  very  common. 

Morpholoqy.—^hott  and  thick  bacilli  with  round  ends;  usually  in  pairs, 
of  which  the  length  varies  from  1.5  to  3.5  >m  ;  differ  greatly  in  dimensions. 

Biological  Characters.— An  aerobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  Grows  at  the  room  temperature  in  the  usual  cul- 
ture media.  Upon  gelatin  plates  the  deep  colonies,  under  a  low  power,  are 
«eea  to  be  spherical,  with  smooth  outlines;  when  liquefaction  commences 
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the  margin  becomes  somewhat  granular  and  jagged,  while  the  centre  re- 
mains opaque;  development  and  liquefaction  of  the  surrounding  gelatin 
progress  rapidly,  so  that  the  colonies  soon  coalesce.  In  gelatin  stick  cut- 
lures  development  occurs  along  the  entire  line  of  puncture,  and  a  broad 
funnel  of  liquefied  gelatin  is  formed  in  the  course  of  a  few  days;  this  is 
clouded  and  contains  numerous  flocculi ;  later  the  surface  is  covered  with  a 
a  thin  film,  which  sinks  to  the  bottom  when  the  test  tube  is  shaken.  Upon 
the  surface  of  agar  development  also  occurs  rapidly,  forming  a  smooth, 
shining  layer  on  both  sides  of  the  impfstrich.  In  boutUon  a  dimise  cloudi- 
ness is  developed;  an  abundant  deposit  collects  at  the  bottom  of  the  tube, 
and  a  film  is  formed  upon  the  surface.  Upon  potato  a  thick,  flesh-colored 
layer  covered  with  protuberances  and  having  a  dull,  moist  surface.  This 
bacillus  reduces  nitrates  with  the  production  of  nitric  acid 

354.  BACILLUS  VERMICULARIS  (Frankland). 

Found  in  water  from  the  river  Lea. 

Morphology,— Bacilli  with  round  ends,  from  2  to  3  /<  long  and  1  u  broad; 
Jnay  grow  out  into  **  worm-shaped  "  filaments.  Upon  potato  oval  spores  are 
formed;  these  are  about  1.5  //  long  and  1  m  broad;  they  are  formed  in  the 
centre  of  the  rods,  and  remain  attached  to  each  other  in  chains  of  consider- 
able length. 

Biological  Characters. — An  a^erobic^  liquefying  bacillus.  Exhibits  os- 
cillatory movements  only.  Forms  oval  spores.  Grows  slowly  in  the  usual 
culture  media  at  the  room  temperature.  Upon  gelatin  plates  the  deep  col- 
onies have  a  somewhat  irregular 
contour;  upon  the  surface  fiat  colo- 
nies are  developed,  which  have  ir- 
regular margins  composed  of  wavy 
bundles  of  bacilli  closely  crowde!l 
toother;  the  centre  of  the  super- 
ficial colonies  is  rough  and  wrinkled ; 
later  liquefaction  sK>wly  occurs  and 
Fxo.  223.— BaciUus  vermicuiaris;  a,  from  a  ge-  the  colonies  sink  beneath  the  siirface 
latin  culture;  6,  spore-bearing  fllaments  from  of  the  gelatin.  In  gelatin  stick  Ctd- 
a  potato  culture,   x  1,000.   (Frankland.^  tiires  a  moist,  shining,  gray  layer 

with  dentate  margins  is  developed 
upon  the  surface;  this  does  not  extend  far  from  the  point  of  puncture ;  a 
scanty  growth  is  seen  alonef  the  line  of  puncture;  after  some  time  the  gela- 
tin commences  to  liquefy  beneath  the  surface  growth.  Upon  the  surface 
of  (igar  a  smooth,  shining  layer  of  a  gray  color  is  slowly  developed.  In 
bouillon  the  liquid  remains  clear,  and  a  white,  flocculent  growth  is  seen 
at  the  bottom  of  the  tub.  Uix)n  potato  a  thick,  flesh-colored  layer  with 
irregular  outlines.     Reduces  nitrates  to  nitrites. 

355.  BACILLXTS  NUBILU8  (Frankland). 

Found  in  filtered  London  water. 

Morphology. — Bacilli  about  3  /« long  and  0.3 /i  broad;  solitarv  or  in  short 
chains ;  grow  out  into  long  filaments  in  bouillon  cultures — tnese  may  be 
twisted  in  spiral  form ;  upon  potato  the  short  bacilli  are  often  curved,  and 
the  long  filaments  may  have  a  spiral  form. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing bacillus.  Exhibits  rotatory  movements  without  change  of  location. 
Spore  formation  not  observed.  Grows  slowly  at  the  room  temperature  in 
the  usual  culture  media.  Upon  gelatin  plates  the- colonies  are  very  charac- 
teristic ;  at  the  end  of  forty-eight  hours  small  clouded  spots  are  seen,  which 
are  not  sharplv  defined ;  under  the  microscope  these  are  seen  with  difliculty 
by  transmitted  light;  on  the  third  day,  when  the* gelatin. commences  to  he 
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softened,  these  colonies  are  seen  to  consist  of  a  network  of  interlaced  fila- 
ments; at  the  centre  a  thicker  portion  is  often  seen  in  the  cloud-like  colonies 
of  interlaced  threads;  liquefaction  progresses  rapidly,  the  colonies  become 
confluent,  and  soon  the  plate  is  destroyed.  In  gelatin  stick  cultures  the 
gelatin  is  liquefied  upon  tne  surface,  but  liquefaction  does  not  progress  rap- 
idly ;  the  liquefied  gelatin  is  clouded,  and  a  yellowish  deposit  accumulates 
at  the  bottom  of  the  liquefied  gelatin;  alon^  the  line  of  puncture,  almost  to 
the  surface,  no  sfrowth  is  seen,  but  around  it  a  row  of  fiat,  horizontal  rings 
are  developed,  me  diameter  of  which  increases  from  above  downward;  the 
lower  end  of  the  line  of  puncture  is  uniformly  clouded ;  the  rings  described 
are  made  up  of  delicate,  cloud-like  masses;  the  culture  somewhat  resembles 
that  of  the  bacillus  of  mouse  septicaemia;  liquefaction  prog^resses  slowly,  but 
finally  the  entire  amount  of  gelatin  is  liquefied.  Upon  the  surfojce  of  agar  a 
thin,  opalescent,  bluish- white  layer  is  formed,  the  fringed  mar^ns  of  which 
show  a  violet  fiuorescence.  In  bouillon  a  diffuse  cloudiness  is  developed, 
and  a  dirty-white  deposit  collects  at  the  bottom  of  the  tube,  while  a  veiy 
thin  film  collects  upon  the  surface ;  this  falls  to  the  bottom  when  the  tube  is 
shaken.  Upon  potato  the  growth  is  almost  invisible  and  of  a  very  faint  yel- 
low color;  it  extends,  however,  over  a  great  portion  of  the  surface. 

356.  BACILLUS  PESTIFBR  (Frankland). 

Found  in  the  air. 

Morphology. — ^Bacilli  with  round  ends,  2.3 /<  long  and  1  fi  broad;  often 
grow  out  into  filaments. 

Biological  Characters.— An  aerobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  Grows  slowly  at  the  room  temperature.  Upon 
gelatin  plates  forms  colonies  resemblinsf  those  of  BaciUus  vermicularis,  out 
the  deep  colonies  are  more  rej^lar  and  tne  superficial  colonies  have  a  smooth 
centre.  Upon  the  surface  of  agar  a  shining,  transparent  layer  with  dentate 
margins.     Upon  potato  a  thick,  irregular,  flesh-colored  layer. 

357.   BACILLUS  FILIFORMIS   (Tils). 

Found  in  water. 

Morphology. — Bacilli  with  round  ends,  4  //  long  and  1  ;t£  broad;  usually 
united  m  chains,  which  may  consist  of  as  many  as  ten  segments  which  are 
indistinctly  separated  from  each  other. 

Biological  Characters. — An  aerobic,  liquefying  bacillus.  Exhibits  os- 
cillatory movements  only.  Forms,  in  potato  cultures,  large  oval  spores. 
Upon  gelatin  plates  grayish-white  colonies  are  developed  which  have  a 
inarblea  structure;  under  a  low  power  the  deep  colonies  are  seen  to  be  finely 
granular  and  irregular  in  outline ;  the  superficial  colonies  have  a  dentate 
margin,  which  is  composed  of  many  bundles  of  bacilli  closely  crowded  to- 
gether; the  centre  is  somewhat  rough,  elevated,  and  granular;  the  colonies 
are  colorless  at  the  margin,  but  have  a  yellowish  color  at  the  ^ntre;  at  the 
end  of  eight  to  ten  days  liquefaction  commences  and  the  colonies  sink  slowly 
beneath  the  surface.  In  gelatin  stick  cultures  a  moist  layer  with  deeply 
dentate  margins  forms  aixtund  the  point  of  puncture;  the  gelatin  is  slowly 
liquefied  and  thick,  flocculent  masses  of  bacilli  accumulate  at  the  bottom. 
In  bouillon  growth  occurs  chiefly  upon  the  surface  in  the  form  of  a  firm  my- 
coderma.  Upon  the  surface  of  agar  &  white  layer  is  developed  like  that 
upon  gelatin.  Upon  potato  a  thick,  slimy,  dirty-white  layer,  which  later 
becomes  dry  and  acquires  a  gray  or  bi-ownish  color.  In  milk  coagulation 
occurs  at  the  end  of  thirty-six  houi*s,  and  an  odor  of  putrefaction  is  perceived. 

358.  BACILLUS  DEVORANS  (Zimmermann). 

Found  in  well  water. 

Morphology. — Bacilli  with  round  ends,  from  0.09  to  1.2  //  long  and  about 
0.74  M  tnick;  solitary,  in  pairs,  or  occasionally  in  short  chains. 
57 
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BiolofficcU  Characters. — ^An  aJSrobic  and  facidtaiive  anaerobic^  liquefy- 
ing, actively  motile  bacillus.  Spore  formation  not  observed.  Grows  at  the 
room  temperature  in  the  usual  culture  media.  Upon  gelatin  fdatea  the  deep 
colonies  appear  as  small,  white  spheres ;  the  superficial  colonies  are  seen  £s 
round,  white,  not  homogeneous  masses  at  the  bottom  of  a  funnel  of  lique- 
fied gelatin;  under  a  low  power  they  have  a  granular-thready  structure 
and  yellowish-gray  color,  and  the  margins  are  surrounded  by  thread-like 
processes  of  various  lengtlis.  In  gelatin  stick  cultures  growth  is  visible 
alonj^  the  line  of  puncture  at  the  end  of  twenty-four  hours;  on  the  second 
or  third  day  an  air  bubble  is  seen  at  the  upper  portion  and  a  whitish  fi;rowth 
below ;  the  funnel-shaped  cavity  gradually  extends  in  dimensions  without  a 
tmee  of  liquid  bein^  seen,  and  the  erowth  is  distributed  upon  the  walls  and 
at  the  bottom  of  this  cavity ;  often  uquefaction  occurs.  Upon  the  surface  of 
agar  a  thin,  uniform,  gray  layer  is  developed,  which  covers  the  entire  sur- 
face at  the  end  of  two  or  tnree  days.    No  growth  upon  potato. 

359.  BACILLUS  GRACILIS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphologi/.—Long  bacilli  with  round  ends,  usually  more  or  less  curved, 
from  2.4  to  3.6  /i  long  and  about  0.77  /<  broad ;  grow  out  into  long  filaments, 
which  are  bent  at  an  angle  or  present  several  wave-like  curves. 

Bioloaical  Characters. — An  aerobic  &nd  facultative  afuierobic,  liquefy- 
ing bacillus.  Forms  oval  spores  1.83  ^  long  and  1.3  m  broad.  Exhibits  ro- 
tatcxry  and  oscillatory  movements  only.  Grows  slowly  at  the  room  tempe- 
rature—not in  the  incubating  oven.  Upon  gelatin  plates  the  deep  colonies 
appear  as  small,  gra^rish-white  spheres,  which  at  first  are  well  defined,  but 
later  have  very  indistinct  outlines;  under  a  low  power  they  are  first  seen  as 
sharply  defined,  pale-yellow  discs,  which  are  gradually  surrounded  by  nu- 
merous thread-like  outgrowths,  which  after  a  time  form  a  thick  network. 
Upon  the  surface  there  is  no  development  or  small,  yellowish-gray,  drop-like 
colonies  are  seen ;  at  the  end  of  five  days  these  attain  a  diameter  of  four  to 
six  millimetres  and  are  circular  in  outline ;  the  centre  is  round,  nebulous, 
and  bluish-g^ray,  and  outside  of  this  one  or  two  concentric,  nebulous  rings 
are  seen.  In  gelatin  stick  cultures  there  is  a  scanty  growth  upon  the  sur- 
face, often  appearing  as  an  o{)alescent  film,  or  the  superficial  layer  of  the 
gelatin  is  penetrated  by  radiating  lines  given  olf  from  centres  of  growth 
which  do  not  extend  above  the  surface.  Along  the  line  of  puncture  a  row 
of  whitish  discs  is  developed  which  are  largest  above;  at  the  end  of  three 
to  five  weeks  the  upper  portion  of  the  gelatin  is  liquefied  to  some  extent. 
Upon  the  surface  of  agar  a  thin,  irregular  layer  of  a  bluish- white  color  is 
developed ;  an  abundant  growth  occurs  along  the  line  of  puncture  in  agar 
stick  cultures.    Upon  potato  the  development  is  very  scanty. 

*S60.  BACILLUS  GUTTATU8  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Moi'pfiology.— Bacilli  with  round  ends,  from  1  to  1.13  ^  long  and  0,9S  M 
broad ;  at  first  solitary  or  in  pairs,  later  united  in  chains  containing  several 
elements. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing, actively  mottle  bacillus.  Appears  to  form  spherical  spores  (?).  Grows 
best  at  the  room  temperature.  Upon  gelatin  plates  the  deep  colonies  are 
small,  grayish- white  spheres;  under  a  low  power  these  are  seen  to  be  finely 
granular  and  have  a  ffray  or  bluish-brown  color.  The  superficial  colonies 
appear  as  bluish-gray  drops;  under  the  microscope  a  brownish  shimmer  is 
observed  at  the  centre,  while  the  sharply  defined  margins  are  colorless  and 
are  distinguished  from  the  surrounding  gelatin  only  by  being  less  transpa- 
rent; later  the  outline  sometimes  becomes  irregular.  In  gelatin  stick  cul- 
tures an  irregular,  bluish-white,  shining  layer  is  developed,  the  surface  of 
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which  is  frequently  oi)alescent;  an  abundant  development  occurs  along  the 
line  of  puncture,  consisting  of  a  series  of  spherical  colonies ;  liquefaction  oc- 
curs after  a  considerable  time— four  weeks.  Upon  the  surface  of  agar  a 
thin,  erayish-white  layer  is  developed  alonff  the  impfstrich.  Upon  potato  a, 
tolerably  abundant  shmy,  yellowish-green  layer. 

361.  BACILLUS  IMPLEXUS  (Zimmermann). 

Found  in  the  Chemnitz  water  supply. 

Morphology. — Bacilli  with  blunt  ends,  about  2.5  /<  long  and  1.15  n  broad ; 
form  lon^,  jointed  filaments. 

Biological  Characters, — An  aerobic,  liqttefyina,  non-motile  bacillus. 
Forms  oval  spores  about  1.6  >u  long  and  0.96 /i  thicK.  Grows  at  the  room 
temperature— more  quickly  at  30°  C.  Upon  gelatin  stick  cultures j  at  the 
end  of  twenty-four  to  thirty-six  hours,  whitish,  punctiform  colonies  become 
visible ;  under  a  low  power  these  are  seen  to  be  granular,  opaque,  and  ir- 
regular in  outline — ^more  transparent  toward  the  margin;  under  a  higher 
power  (1  :  175)  filaments  are  seen  which  are  interwoven ;  these  grow  out 
from  the  margins  and  afi;ain  become  contorted  and  interlaced ;  at  the  end  of 
three  days  the  round  colony  sinks  into  the  liquefied  gelatin  and  appears  then 
as  an  interlaced  mass  of  fine  white  filaments.  In  gelatin  stick  cultures 
growth  is  visible  along  the  line  of  puncture  at  the  end  of  twenty-four  hours, 
and  at  the  end  of  seventy-two  hours  bundles  of  short  threads  radiate  into 
the  gelatin  in  all  directions ;  liquefaction  soon  occurs,  which  quickly  reaches 
the  walls  of  the  test  tube  at  the  surface ;  a  thick,  white  la^rer  forms  upon  the 
surface  of  the  liquefied  gelatin,  and  it  is  filled  below  with  white  flocculi. 
Upon  the  surface  of  agar  a  tolerably  thick,  white  layer  is  formed  which  has 
a  dull,  shagreen-like  surface  and  soon  becomes  wrinkled.  Upon  potato  a 
yellowish  or  greenish- white,  felt-like  layer  is  formed. 

362.  BACILLUS  PUNCTATUS  (Zimmermann). 

Conmion  in  the  Chemnitz  water  supply. 

Morphology, — Bacilli  from  1  to  1.60  >ti  long — when  in  rapid  multiplica- 
tion— ^and  0.77  /<  broad;  solitary,  in  pairs,  or  in  chains  containing  several 
elements.     Do  not  stain  readily  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerotnc,  liquefying,  actively  motile  bacillus. 
Spore  formation  not  observed.  Grows  rapidly  at  the  room  temperature— 
still  better  at  30^  C.  Upon  gelatinplates  the  colonies,  on  the  thiixi  day,  al- 
ready have  a  diameter  of  twelve  millimetres  and  have  caused  a  saucei^ 
shapied  liquefaction  of  the  gelatin ;  in  the  grayish-blue  liquid  whitish,  punc- 
tiform collections  of  bacteria  are  seen,  which  are  often  united  with  each 
other  by  whitish  strings.  In  gelatin  stick  CMZ^tire«  liquefaction  occurs  in. 
stocking  shape ;  the  liquefied  ^fatin  is  uniformly  clouded,  and  an  abundant 
white  deposit  accumulates  at  the  bottom  of  the  tube.  Upon  th»' surface  of 
agar  a  delicate,  gray,  glistening  layer  with  a  perfectly  smooth  sunace  is 
developed.  Upon  potato  an  abundant  brownisn  or  fiesh-colored  layer  soon 
extends  over  the  entire  surface;  gradually  this  acquires  a  darker  hue. 

363.  BACILLUS  RADIATUS  AQUATILIS  (Zimmermaim). 

Found  in  the  Chemnitz  water  supply. 

Morphology. — Bacilli  about  0.65  //  broad  and  from  1  to  6.5  >u  long. 

BiotogiccU  Characters. — An  aei'obic,  liquefying  bacillus.  The  shortest 
rods  only  exhibit  slight  movements.  Spore  formation  not  observed.  Grows 
best  at  tne  room  temperature  Upon  gelatin  plates,  at  the  end  of  two  days, 
irregular,  bluish-white  colonies  are  seen,  which  often  have  a  white  point  in 
the  middle;  under  the  microscope  the  colonies  have  a  root-like  appearance, 
being  surrounded  by  simple  and  branching  mycelial-like  offshoots;  at  thu 
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end  of  three  days  these  colonies  are  nearly  spherical,  and  under  the  microscope 
i*esemble  little  balls  of  wool,  from  the  margins  of  which  fine  filaments  are  given 
off;  finally  they  break  through  the  gelatin  and  appear  upon  the  surface  as 
one  or  more  small,  transparent  droplets.  At  the  end  of  four  days  the  gelatin 
is  liquefied  in  saucer  shape;  in  the  middle  is  seen  a  yellowish-White  or  cream- 
colored  mass;  around  this  a  ring  of  a  still  deeper  color,  and  from  this  deli- 
cate offshoots  radiate  toward  the  periphery  of  the  saucer-shaped  cavity.  In 
gelatin  stick  cultures  a  thin,  round  laver  appears  upon  the  surface,  which 
IS  often  delicately  wrinkled  in  a  radial  direction ;  below  development  occurs 
along  the  line  of  puncture  in  the  form  of  a  slender  funnel,  and  on  the  third 
day  liquefaction  commences;  a  yellowish  deposit  collects  at  the  bottom  of 
the  liauefied  gelatin^  which  is  clouded  throughout  and  contains  numerous 
flocculi  of  various  dimensions.  Upon  the  s:urface  of  agar  a  smooth,  glis- 
tening layer  is  developed,  which  is  yellowish-brown  by  transmitted  light 
and  pale  bluish-green  oy  reflected  lis'ht.  Upon  potato  an  ochrous-yellow 
layer  is  formed,  which  may  have  a  readish-browu  tint. 

364.  BACILLUS  VBRMICUL08US  (Zimmermann). 

Found  in  water. 

Morphology. — Bacilli  with  round  ends,   1.5  >u   long  and  about  0S5/i 
broad;  united  in  pairs  or  chains  of  three,  or  in  long,  worm-like  filament 
in  which  segmentation  is  very  indistinct;  thebaciuiare  surrounded  by  a 
sliiny  envelope. 

Biological  Characters. — An  aerobic,  liquefying  bacillus.  The  smaller 
rods  exhibit  a  rotatory  or  oscillating  motion.  Spore  formation  not  observed. 
Grows  slowly  at  the  room  temperature—better  at  25"  to  30^  C.  Upon  gela- 
tin plates  the  deep  colonies  appear  as  small,  white  spheres;  under  a  low 
power  they  are  seen  to  be  nearly  round,  well  defined,  gn>j,  and  granular. 
The  superficial  colonies  are  flat,  gray,  drop-like  discs;  under  a  low  power 
they  are  seen  to  be  irregular  in  outline,  with  a  wavy  or  bulging  contour; 
the  interior  is  marked  with  paler  lines,  which  cross  each  other  in  various  di- 
rections, dividing  the  colony  into  mesh-like  fields;  later  this  appearance  is 
only  seen  at  the  margin.  In  gelatin  stick  cultures  a  pale-gray,  viscid  layer 
with  finely  notched  margins  is  developed  upon  the  surface ;  after  the  fourth 
day,  when  this  has  attained  a  diameter  of  about  seven  millimetres,  liquefac- 
tion commences  and  the  superficial  growth  becomes  depressed;  liquefaction 
extends  slowly  toward  the  walls  of  the  tube,  and  very  slowly  in  a  down- 
ward direction,  until  about  one-third  of  the  gelatin  is  liquefied ;  at  the  bot- 
tom of  this  clouded  liquid  an  abundant  reddish-gray  sediment  is  formed. 
Upon  the  surf  ace  of  agar  a  flat,  smooth,  glistening  layer  is  developed;  later 
the  surface  of  this  is  opalescent.  Upon  potato  an  abundant  yellowish-gray, 
shining  layer  is  formed. 

365.   BACILLUS  AEROPHILUS  (Liborius). 

Found  as  an  accidental  contamination,  probably  from  the  air. 

3/ori>/k>/ogrt^.— Slender  rods  of  various  lengths,  about  two-thirds  as  thick 
as  Bacillus  subtilis;  frequently  united  in  jointed  filaments. 

Biological  Characters.^A  strictly  aerobic,  liquefying,  non-motUe  ba- 
cillus.  Forms  oval  spoi'es.  Grows  in  the  usual  culture  media  at  the  room 
temperatui-e.  Upon  gelatin  plates  small,  punctiform  colonies  are  developed 
at  tiie  end  of  forty  hours;  under  a  low  power  these  are  seen  to  be  oval  or 
pear-shaped,  welfdefined,  and  of  a  yellowish-gray  color;  liquefaction  quick- 
ly  occura  and  the  colonies  do  not  increase  materially'  in  size.  In  gelatin  stick 
cultui'^^s  a  broad,  sac-like  channel  of  liquefaction  is  formed,  the  upper  part 
of  the  liquefied  gelatin  is  opaque  and  yeilowish-grav,  while  the  lower  portion 
is  clear  or  simmy  contains  suspendeJi  flocculi.  Lpon  potato  a  yellowish 
layer  is  formea;*  this  has  a  dull,  smooth  surface  and  a  paraffin-like  lustre; 
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later  it  becomes  drier  at  the  periphery,  slightly  granular,  and  has  a  striped 
appearance. 

366.   BACILLUS  MYCOIDES   (Flugge). 

Found  in  the  soil  and  in  water— common. 

Morphology.— Bacilli  from  1.6  to  2.4  >u  in  length  and  about  0.9 /*  thick; 
usually  in  long  filaments,  which  when  stained  are  seen  to  be  made  up  of 
separate  elements;  as  a  rule,  the  long  filaments  are  united  in  tangled  bun- 
dles. 

Biological  Characters.  —An  aerobic,  limiefyiiig,  motile  bacillus.  Forms 
elliptical  spores  from  1.3  to  1.48  ^  long  and  from  0.74  to  0  9 ;«  broad.  Grows 
veiy  rapidly— best  at  the  room  temperature.  Upon  gelatin  plates  the  colo- 
nies first  appear  as  cloudy,  w^hite  spots,  in  which  fine,  white,  interlaced 
threads  are  soon  developed;  very  soon  a  mycelial-like  branching  occurs, 
giving  the  colony  the  appearance  of  the  commencing  growth  of  a  microsco- 
pic fungus ;  as  long  as  the  bundles  of  filaments  remain  beneath  the  surface 
of  the  gelatin  they  are  delicate  and  slender,  but  when  they  reach  tiie  surface 
they  spread  out,  lose  their  sharply  defined  outlines,  and  liquefy  the  gelatin. 
In  gelatin  stick  cultures,  at  the  end  of  eighteen  hours,  a  superacial  layer  of 
about  four  millimetres  in  diameter  has  formed  and  already  commences  to 
sink  in  the  gelatin;  on  the  third  day  liquefaction  has  reached  the  walls  of 
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Fia.  988.  Fio.  224. 

Fia.  288.— Bacillus  meflentericiu  vulj^atus,  from  a  culture  In  bouillon,    x  1,000.    C^Ignal.) 
Fio.  sai^BacQlus  meaentericus  Tulgatua,  from  an  agar  culture,    x  1,400.    C^ignal ) 

the  test  tube,  and  from  the  line  of  puncture  a  branching,  filamentous  growth 
is  given  off;  liquefaction  extends  ciownward  from  the  surface,  and  amr  the 
tenth  day  the  bacterial  growth  is  seen  suspended  in  the  liquefied  gelatin. 
Upon  the  surface  of  agar  a  mycelial-like,  branching  growth  develops  along 
the  line  of  inoculation.  Upon  potato,  at  the  end  of  twenty-four  hours,  a 
whitish-gray,  shining  layer,  about  three  millimetres  broad,  is  developed;  at 
the  end  of  forty -eight  hours  this  has  extended  over  the  entire  surface. 

367.    BACILLUS  MESENTERICUS  VULGATUS. 

Synonym, — Potato  bacillus. 

First  found  upon  potatoes — a  common  and  widelv  distributed  species  ; 
found  in  milk  by  Lofller,  in  the  Fi-eiburg  water  supply  by  Tils,  in  the  ali- 
mentary tract  of  man  by  Vignal,  etc. 

Morphology,— Thick  bacilli  with  round  ends,  from  1,2  to  3.5  >u  long;  often 
united  in  pairs,  or  in  chains  containing  several  elements. 

Biological  Characters, — An  aerobic,  liquefying  bacillus.  Forms  spheri- 
cal spores.  Grows  rapidly  at  the  room  temperature— also  in  the  incul^ting 
«)ven.  Upon  gelatin  plates  \h<&  colonies  are  at  first  almost  transparent,  blu- 
ish white,  later  with  an  opaque,  white  centi-e;  the  superficial  colonies  may 
attain  a  diameter  of  nearly  one  centimetre;  they  are  somewhat  sunken  in 
the  liquefied  gelatin ;  under  a  low  power  they  ai*e  seen  to  be  granular  and 
have  rough  margins  ;  liquefaction  of  the  gelatin  is  rapidly  induced.     In 
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gelcUin  stick  cultures  liquefaction  occurs  at  first  in  funnel  form  along  the 
line  of  inoculation,  and  rapidly  progresses  until  the  gelatin  is  entirely  fiaue- 
fied;  numerous  ^yish  floccuh  are  seen  in  the  liquefied  gelatin,  and  a  aeli- 
cate,  grayish-white,  wrinkled  layer  forms  upon  the  surface;  an  abundant 
flocculent  deposit  collects  at  the  bottom  of  the  tube.  Upon  the  surfcux  of 
agar  a  dirty-white  layer  is  developed.  Upon  potato  a  thick,  wrinkled, 
white  layer,  extending  over  the  entire  surfkce,  is  quickly  developed :  this 
penetrates  the  substance  of  the  potato  and  is  extremely  viscid,  stringing  out 
into  long  thi^eads  when  touched  with  Uie  platinum  needle.  Spores  are 
formed  in  the  bacilli  cultivated  upon  potato.  Upon  blood  serum  a  white 
layer  is  developed  and  liquefaction  of  the  medium  occurs.  Q-rows  in  6omi7- 
lon  containing  one  part  in  two  hundred  of  hydrochloric  acid  (Vignal).  In 
milk  causes  coagulation  of  the  casein,  which  is  subsequently  dissolved  and 
floats  upon  the  surface  as  a  slimy  layer  (Fliigge). 

368.   BACILLUS  MESENTERICUS  FUSCU8  (Flugge). 

Found  in  the  air,  in  hay  dust,  upon  potato,  and  in  water— a  common  and 
widely  distributed  species. 

AforpAo/ooy.— Slender  and  short  bacilli,  often  in  pairs  or  in  chains  of  four. 

BiologiccU  Characters, — An  aerobic,  liquefyina,  actively  motile  bacillus. 
Forms  small,  shining  spores  which  are  irregularly  distributed  in  the  rods. 
Grows  at  the  room  temperature.  Upon  gelatin  platen  forms  sphericaL 
whitish  colonies,  which  under  a  low  power  are  seen  to  have  a  well-defined 
contour;  later  these  are  surrounded  by  delicate  ofiPshoots,  have  a  yellowish- 
brown  color  and  a  finely  granular  surface  :  liauefaction  of  the  gelatin 
quickly  occurs.  In  gelatin  stick  cultures  a  whitisn  cloudiness  is  first  seen 
along  the  line  of  puncture,  and  at  the  same  time  liquefaction  commences 
near  the  surface  in  funnel  form ;  this  extends  to  the  walls  of  the  tube  in 
from  four  to  six  da3rs,  and  the  liquefied  gelatin  contains  numerous  grayish- 
white  flocculi.  Upon  potato,  at  the  end  of  twenty-four  hours,  a  smooth, 
yellowish  layer  is  developed ;  the  surface  of  this  soon  becomes  wrinkled  and 
Drown  in  color;  the  growth  is  comparatively  thin  and  does  not  penetrate 
deeply  into  the  potato,  as  is  the  case  with  Bacillus  mesentericus  vulgatos; 
it  extends  rapidly  over  the  entire  surface. 

369.  BACILLUS  MEGATHERIUM  (De  Barv). 

First  found  upon  the  leaves  of  boiled 
cabbage. 

Morphology,  —  Bacilli  with  round 
ends,  about  2.5  m  thick  and  three  to  four 
times  as  long  as  broad;  often  somewhat 
curved ;  forms  chains  containing  as  many 
as  ten  elements;  the  protoplasm  of  the 
cells  is  granular;  involution  forms  arc 
cx>mmon. 

Biological  Characters. — An  aerolnc, 
liquefying,  motile  bacillus.  The  move- 
ments are  peculiar,  being  slow  and 
amoeboid  in  character.  Forms  long- 
oval  spores  which  are  nearly  as  long  as 
the  cells  containing  them,  but  not  so 
broad.  Grows  best  at  the  room  tempe- 
rature— also  in  the  incubating  oven. 
Upon  gelatinplates  forms  whitisn,  punc- 
tiform  colonies,  which  under  the  micro- 
scope are  yellowish  and  irregular  in 
form.  The  superficial  colonies  are  some- 
times kidney-shaped  or  crescentic;  they 
cause  the  gelatin  to  be  slowly  liquefied.    In  gelatin  stick  cultures  lique- 
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Fio.  836.->Bacilli]B  megatherium;  a, chain 
of  bacilli  (x  250);  6,  baciUI  (x  C03);  c-/ 
shows  the  development  of  spores ;  /i-m 
shows  the  germination  of  spores;  p,  bacilli 
stained  with  solution  of  iodine.    ( De  Barj.) 
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faction  occurs  in  funnel^form  along  the  upper  portion  of  the  line  of  inocu- 
lation and  mdually  extends  downward ;  an  abundant  deposit  is  seen  at  the 
bottom  of  tlie  tube,  and  the  liquefied  gelatin  above  is  but  slightly  clouded ; 
no  m^coderma  forms  upon  the  surface.  Upon  the  surface  of  agar  a  whitish 
layer  is  developed  which  is  easilv  separated  from  the  culture  medium.  Upon 
potato  a  thick,  cheesy,  yellowish-white  layer  is  quickly  developed  along  the 
line  of  inoculation ;  in  potato  cultures  an  abundant  development  of  spores 
occurs  and  involution  forms  are  common. 

370.  BACILLUS  ALBUS  PUTIDUS  (De  Bary). 

Found  in  water. 

Morphology, — Small  bacilli,  which  grow  out  into  filaments. 
Biological  Characters,— An  aerobic,  liquefying,  motile  bacillus.    Spore 
formation  not  observed.    Grows  rapidly  at  the  room  temperature.    Upon 

etin  plates  forms  thin,  ix)und  colonies  upon  the  surface,  which  under  a 
power  are  light-brown  in  color  and  are  surrounded  by  a  transparent 
aureole  which  at  tne  end  of  four  days  has  a  diameter  of  five  millimetres.    In 

frelatin  stick  cultures  development  occurs  both  on  the  surface  and  sdong  the 
ine  of  puncture,  producing  rapid  liquefaction  of  the  gelatin ;  gelatin  cul- 
tures give  off  an  intense  and  disagreeable  odor,  like  that  of  liquid  manure. 
Upon  the  surface  of  agar  a  smeary  layer  is  developed.  Upon  potato  a 
slimy  growth. 

371.  BACILLUS  BRASSlCiE  (Pommer). 

Obtained  from  an  infusion  of  cabbage  leaves. 

Morphology. — Bacilli  from  1.9  to  5.4  M  long  and 0.91  to  1.2  m  thick;  differ 
greatly  in  different  culture  media,  forming  sometimes  twisted  and  tangled 
filaments,  often  spiral  in  form,  and  producing  at  times  a  network  similar  to 
that  of  Bacterium  Zopfii ;  the  filaments  are  often  segmented  and  slightly 
notched  and  bent  at  the  points  where  the  segments  join. 

Biological  Characters,  —An  a^*obic  a,nd  facultative  ana&robic,  liquefy- 
ing, non-motile  bacillus.  Foims  spores.  Grows  in  the  usual  culture  media 
at  the  room  temperature.  Upon  gelatin  plates  forms  colonies  which  resem- 
ble the  mycelium  of  a  mucor  and  cause  lic^uefaction  of  the  gelatin.  In  gela- 
tin stick  cultures  a  branching,  mycelial-like  growth  is  seen  along  the  line 
of  puncture,  in  funnel  form,  and  liquefaction  of  the  j^latin  quickly  occurs. 
Upon  the  surface  of  agar  a  layer  is  formed  consistino;  of  spots  surrounded 
by  a  dull  cloudy  appearance;  later  these  have  a  whitish  or^ellowish  color; 
under  the  microscope  they  are  seen  to  consist  of  closely  lying  parallel  fila- 
ments, which  may  run  in  a  straight  or  serpentine  direction,  or  may  form 
circular  and  ellipsoidal  figures.  Along  the  line  of  puncture  in  agar  cultures 
small,  white  colonies  are  developed,  which  are  seen  under  the  microscope  to 
be  made  up  of  a  confused  mass  of  straight  or  curved,  short  filaments,  and  a 
network  of  fi.laments  is  given  off  from  these. 

372.   BACILLUS  BUTYRICUS  OP  HUEPPB. 

Found  in  imperfectly  sterilized  milk. 

Morphology. — Bacilli,  often  slightly  curved,  about  2,1  M  long  and  0.38  m 
thick ;  may  grow  out  into  filaments. 

Biological  Characters. — An  aerobic  sxid  facultative  ancutrotdc,  liquefy- 
ing, actively  motile  bacillus.  Forms,  at  30*  C,  oval  spores  which  are  lo- 
cated in  the  centre  of  the  rods.  Grows  at  the  room  temperature — more  rap- 
idly at  35*^  to  40"  C.  Upon  gelatin  plates  deep-lying  colonies  of  yellow 
color  are  developed,  which  cause  rapia  liquefaction  of  the  gelatin  and  unite 
into  coarsely  granular,  brown  masses.  In  gelatin  stick  cultures  liquefaction 
rapidly  occura  along  the  entire  line  of  puncture;  upon  the  surface  of  the 
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liquetied  gelatin  a  thin,  whitish-gray,  slightly  wmikled  film  is  formed,  and 
below  this  it  is  densely  clouded  and  of  a  yellowish  color.  Upon  the  surface 
iff  agitr  a  thin,  smeary,  yellowish  layer  is  formed.  Upon  potctto  a  fawn- 
colored,  transparent  layer,  which  is  sometimes  slightly  wrinlcled ;  later  the 
surface  locses  its  transparency  and  becomes  clouded.  In  milk  coagulation 
occurs  and  the  precipitated  casein  is  subsequently  dissolved ;  the  milk  ac- 
quires a  bitter  taste:  produces  butyric  acid  in  milk.  Bouillon  cultures  to 
which  sulphuric  acid  has  been  addeid  give  otf  an  acid  distillate  which  has  tlie 
odor  of  butyric  acid. 

3:3.  BACILLUS  GASOPORMAXS  (Eisenbergj. 

Fotuid  in  water. 

Morpholixjy, — Small  bacillL 

BitHi^ical  Characters. — \n  aerobic  AndfacultcUive  anaerobic,  liquefy- 
ing, avtirely  tnotile  bacillus.  Spove  formation  not  observed.  Grows  rap- 
idly at  the  room  temperature — not  in  the  incubating  oven  at  37'  C.  Upon 
grlatin  plates  forms  tolerably  large,  saucer-shaped  cavities  of  liquefied  gela- 
tin, the  contents  of  which  are  finely  granular  and  may  contain  gas  bubbles. 
In  gelatin  stick  cultures  liquefaction  rapidly  occurs  all  along  the  line  of 
puncture  and  gas  bubbles  form  in  the  non  liquefied  gelatin. 

374.  BACILLUS  CARABiFORMis  (Kaczynskv). 

Found  in  the  stomach  of  dogs  which  had  been  fetl  exclusively  on  meat 
for  three  days. 

Morj^ologii. — Short  and  slender  bacilli. 

Biiiliigicai  Characters, — An  aerobic,  liquefying  actively  motile  bacillus. 
Spore  formation  not  observed.  Grows  rapid Iv  at  the  room  temperature. 
Upi^n  gelatin  plates  forms  small  colonies,  from  the  centre  of  which  are  giveii 
otf  Ion sr  processes  with  jaggred  outlines.  In  gelatin  stick  cultures  liquefac- 
tion occurs  along  the  line  of  puncture,  and  the  liauefied  gelatin  has  a  green- 
ish-yellow color,  while  a  whitish  deposit  accumulates  at  the  bottom.  Upon 
the  surface  of  agar  a  yellowish- white  layer. 

3?5,  BACILLUS  GRAVEOLEXS  (Bordoni-Uffreduzzi). 

Found  attached  to  scales  of  epidermis  from  between  the  toes  of  man. 

yforphi)lt)gy. — Bacilli  0.8  ^  long  and  of  about  the  same  breadth  (micro- 
coci'i  ri 

Biological  Chai-acters, — An  aerobic,  liquefying  bacillus  (r).  Grows  at 
the  nH>m  temperature.  Cultures  have  a  disagreeable  odor.  Upon  gelatin 
J  flutes  forms  irretrular.  gray  i-^ih -white  spots  which  cause  rapid  liquefaction 
oi  t'ne  spelatin  and  give  otf  a  disagreeable  odor  like  that  from  the  feet;  later 
tlie  cjelalin  has  a  greenish -yellow  color.  Upon  potato  forms  a  grayish,  stink- 
ing layer.     Liquefies  IntttKi  serum^ 

3:»5.   BACILLUS  CAROTARUM   (A.  Koch). 

Obtained  upon  ctxiketl  carrots  and  sugar  beets. 

MorphtiliHfif. — Ricilli  fn>ui  0.97  to  1.05  u  long;  grows  out  into  long,  flexi 
l)>  riiaiiients — resembles  Bi»cillus  brassiere. 

Bioit^jical  Characters, — An  aerobic,  liquefying,  non-moiile  bacillus. 
Ftirnis  lanre  oval  sjHires-  Grows  best  at  40'  C.  Upon  gelatin  folates  fomis 
round.  \vi»ite  ei^lonies  uiion  the  surface,  which  under  a  low  power  appear  to 
he  i^rfonitetl  with  iioles  at  the  centre  and  are  marked  by  fine  lines.  Tlie 
<leep  tx^lonies  in  the  liqiietietl  gelatin  are  spherical,  with  a  sharply  defined, 
snunnh  outline.  In  gelatin  itiick  cultures  a  considerable  growth  occurs 
iilHin  the  surface  ;  very  scanty  development  along  the  line  of  puncture. 
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Upon  the  surface  of  agar  a  white  layer  is  formed.  Upon  potato  a  light- 
brown,  circular  layer  is  quickly  developed;  this  at  first  has  a  dull  and  later 
a  shining  surface. 

377.    BACILLUS  INFLATUS   (A.  Koch). 

Found  as  an  accidental  impurity — from  the  air  ? 

Morphology, —^BBciWi  tvoxn  4.6  to  5.5  //  long  and  0.6  to  0.8  /*  broad ;  often 
grow  out  into  filaments. 

Biological  Characters, — An  aerobic^  liquefying^  actively  wofffe  bacillus. 
Forms  two  large  spores  in  each  rod.  Grows  at  the  room  temperature.  Upon 
gelatin  plates  forms  spherical  white  colonies  with  folded  mar^ns,  fi^om 
which  an  outgrowth  of  delicate  filaments  is  seen,  similar  to  Bacillus  alvei. 
In  gelatin  stick  cultures  development  occurs  all  along  the  line  of  puncture, 
and  short,  hair-like  filaments  radiate  into  the  gelatin,  which  is  very  slowly 
liquefied.  Upon  the  surface  of  agar  forms  a  thin,  slimy,  light-brown 
layer.  In  bouillon  a  thin,  slimv,  whitish  film  forms  upon  the  surface, 
which  sinks  to  the  bottom  when  the  tube  is  shaken. 

378.   BACILLUS  RAMOSUS. 

5rynon2/m. —Wurtzel  bacillus. 

Found  in  the  soil  and  in  water— common. 

Morphology. — Bacilli  with  round  ends,  about  three  times  as  long  as 
broad— **  about  as  long  as  Bacillus  subtilis,  but  thicker  "  (Frankel) ;  fre- 
quently united  in  long  chains,  or  may  grow  out  into  filaments. 

Biological  Characters, — Anaerobic,  liquefyingh&c\\\\x'&.  Exhibits  slight 
movements.  Forms  large  oval  spores  which  ai*e  located  at  the  centre  of 
the  rods.  Grows  rapidly  at  the  i^oora  temperature — also  in  the  incubating 
oven.  Upon  gelatin  plates,  at  the  end  of  two  days,  veil-like,  rapidly  ex- 
tending, whitish  colonies  with  ill-defined  margins  are  develox)ed;  these  re- 
semble the  mycelium  of  a  fungus ;  under  a  low  power  the  colonies  ai*e  seen 
to  consist  of  a  network  of  twisted  and  interwoven  filaments;  liquefaction  oc- 
curs in  the  coui-se  of  a  few  days.  In  gelatin  stick  cultures  an  outgrowth  of 
branching  filaments  occurs  alon^  the  line  of  puncture,  looking  ''like  a 
smaM  fir  tree  turned  upside  down  ;  upon  the  surface  a  moist  and  shining, 
white  layer  is  developed ;  liquefaction  soon  occurs  at  the  surface,  and  pro- 
gresses until  the  gelatin  is  entirely  liquefied ;  in  old  cultures  a  mycoderma 
is  seen  upon^  the  surface,  the  gelatin  below  this  is  transparent,  and  at  the 
bottom  there  is  a  deposit  of  crumbling,  whitish  flocculi.  Lpon  the  surface 
of  agar  a  development  of  branching  filaments  occui-s  along  the  line  of  in- 
oculation; these  form  a  moist- looking,  grajdsh-white  layer,  which  later  be- 
comes thicker  at  the  centre,  and  the  root-like  growth  is  only  seen  at  the 
etlges.  Upon  »ototo  a  whitish,  smeary  streak  is  developed  along  the  line  of 
inoculation ;  the  bacilli  form  numerous  large  oval  spores  when  cultivated 
on  potato. 

379.  BACILLUS  SUBTILIS  (Ehrenberg). 

Synonym.— ^Ky  bacillus. 

A  widely  distributed  species ;  found  in  hay  infusion,  in  water,  in  the 
soil,  etc. 

Morphology. — Bacilli  with  slightly  rounded  corners,  from  4.5  to  6  /<  long, 
and  about  three  times  as  long  as  broad ;  usuall  v  in  chains  consisting  of 
several  elements;  often  grows  out  into  very  long  filaments;  possesses  a  ter- 
minal flagellum  at  each  end  of  a  single  rod  or  at  the  two  extremities  of  a 
chain. 

Biological  Characters, — An  aJercbic,  liquefying ^  mof i/*' bacillus.  Forms 
large  oval  spores,  which  are  located  at  the  centre  of  the  rods;  these  are 
a^ut  1.2  long  and  0.6  >u  broad.  The  movements  are  of  a  waddling  charac- 
58 
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ter  and  nol  very  rapid.  Grows  rapidly  at  the  room  temperature— better  at 
:¥)"  C.  Development  may  occur  at  any  temperature  between  10°  and  45'  C. 
Spore  formation  is  favored  by  a  temp»ature  of  30^  C.  The  spores  ger- 
minate most  readilv  at  30'  to  40'  C.  The  exosporium  is  ruptured  at  one 
side  of  the  long'-oval  spore,  and  the  new]y  formed  bacillus  takes  its  exit  from 
this  c^>enui|r  in  a  direction  perpendicular  to  the  long  axis  of  the  reproductire 
element.  The  spares  have  great  resistance  to  heat  and  to  chemi<^  agents. 
By  boiling  a  hay  infusion  for  a  short  time  a  pure  culture  may  often  be  ob- 
tained, as  other  microdrganisms  present  are  killed,  while  the  spores  of  Ba- 
cillus subdlis  survive  and  subsequently  germinate.  Upon  gelatin  fdates 
small,  white  colonies  are  first  developed,  which  under  the  microscope  are 
seen  to  be  slightly  granular,  somewhat  irr^ular  in  ouUine,  and  of  a  green- 
ish tint;  development  progresses  very  rapMlly,  and  lique^tion  of  the  sur- 
rounding gelatin  is  quickly  induced,  forming  saucer-like  cavities  with  grar- 
ish.  tran^ucent  contents ;  the  central  portion  is  white  and  opaque ;  frequently 
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a  radiate  appearance  of  the  bacterial  growth  is  observed;  under  the  micro- 
scope a  dense,  grayish-yellow  central  mass  is  seen,  and  around  this  a  tangled 
network  of  filaments  and  of  rods  undergoing  the  characteristic  waddlinir 
movements;  at  the  margins  the  filaments  are  seen  to  radiate  into  the  non- 
liquetied  spelatin,  forming  a  crown-like  aureole.  In  gelatin  stick  cti/furrw 
liquefaction  quickly  occurs  along  the  entire  line  of  puncture;  later  a  dense, 
dry.  and  friable  mycoderma  forms  upon  the  surface,  and  the  gelatin  below, 
wliich  was  at  first  filled  with  whitish  flocculi,  becomes  clear  as  a  result  of 
their  deposition  at  the  bottom  of  the  tube.  Upon  the  surf  ace  of  agar  ^ 
wrinklea.  white  layer  is  developed  which  is  easily  lifted  entire  from  the  cu  I 
tui-e  meiUiim.  Blood  serum  is  liquefied  by  this  bacilliis.  and  a  wrinkled  myco- 
derma forms  upon  the  surface.  Uyon  potato  the  entire  surface  is  soon  cov- 
ered with  a  cream-like,  white  layer,  which  in  a  short  time  contains  an  abun- 
dance of  spores. 
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380.  BACILLUS  SUBTILIS  SIMILI8  (Sternberg). 

Obtained  in  cultures  from  the  liver  of  a  yellow-fever  cadaver  in  Ha- 
vana, 1889. 

Morphology, — ^Bacilli  with  slightly  rounded  ends,  from  2  to  4t  M  long 
and  about  1  m  thick ;  grow  out  into  jointed  filaments. 

Bioloqicai  Charucters. — An  aerobic  &ud  facultatit)e  anaerobic,  liquefy- 
ing,  motile  baciUus.  Forms  long-oval  spores,  which  are  centrally  located 
and  nearly  as  long  as  the  cells  in  which  they  are  developed.  The  motion  is 
like  that  of  Bacillus  subtilis,  viz. :  a  slow,  to-and-fro.  progressive  movement. 
Upon  gelatin  plates  the  dce^  colonies,  at  the  end  of  thirty-six  hours  at  the 
room  temperature,  are  spherical,  finely  granular,  and  pearl-like  by  reflected 
light;  the  superficial  colonies  have  commenced  to  liquefy  the  gelatin  at  this 
time,  and  have  a  granular,  white  mass  at  the  centre  surround^  by  a  saucer- 
shaped  cavity  containing  liquefied  gelatin.  In  gelatin  stick  cultures  lique- 
faction does  not  occur  as  rapidly  as  with  Bacillus  subtilis ;  at  the  end  of  ten 
days  at  the  room  temperature  tne  upper  lialf  of  the  gelatin  is  liquefied  and 
small,  pearl-like  colonies  are  scattered  along  the  line  of  puncture  below ;  on 
the  floor  of  the  liquefied  gelatin  is  a  flocculent,  white  deposit  and  a  thin  my- 
coderma  is  seen  upon  the  surface.  On  potato  a  dry,  yellowish- white  layer 
the  size  of  a  dime  is  formed  at  the  end  of  forty-eight  hours  at  30'  C\,  and 
the  bacilli,  which  grow  out  into  long,  jointed  filaments,  contain  spores. 
Upon  the  surface  o/  agar  a  thick,  cream-white  layer  is  formed  in  four  or 
five  days  at  tne  room  temperature.  In  agar  stick  cultures  there  is  a  branch- 
ing growth  along  the  upper  portion  of  the  line  of  puncture ;  in  old  agar  cul- 
tures variously  contorted  involution  forms  are  seen  in  the  surface  growth 
and  but  few  spores  are  present. 

381.  BACILLUS  LBPTOSPORUS   (L.  Klein). 

Obtained  as  an  accidental  contamination  of  a  pure  culture— from  the  air  ? 

Morphology, ^'Resembles  Bacillus  subtilis;  when  cultivated  at  35°  C 
forms  snort  chains ;  at  18^  to  20°  C.  grows  out  into  long,  twisted  and  inter- 
laced filaments.  Forms  spores  which  are  0.6  u  thick  and  1.5 /<  long;  in 
vegetating,  these  first  increase  in  thickness  to  1  to  1.2  fi — the  thickness  of  the 
vegetative  cells ;  the  spores  have  a  membranous  envelope  consisting^  of  two 
layers,  and  are  fsurrounded  by  a  jelly-like  substance  having  a  dull  silvery 
lustre ;  vegetation  occurs  at  the  same  time  from  both  poles,  and  the  mem- 
branous envelope  is  not  ruptured  and  left  intact  after  tne  emergence  of  the 
vegetative  cell,  as  is  the  case  with  Bacillus  subtilis,  but  is  gradually  dis- 
solved, or  serves  as  the  cell  wall  of  the  newly  formed  bacillus  (?). 

Biological  Characters.— Characters  of  growth  in  solid  culture  media  not 
given.  The  motions  are  said  to  be  peculiar,  especially  in  filaments  made  up 
of  four,  eight,  or  sixteen  elements;  one  end  of  the  chain  is  jerked  hither 
and  thither  with  a  whip-like,  convulsive  motion,  by  which  the  elements  are 
thrown  into  various  and  constantly  changing  angular  figures. 

382.  BACILLUS  SESSiLis  (L.  Klein). 

Found  in  the  blood  of  a  cow  supposed  to  have  died  of  anthrax. 

Morphology, — ^Resembles  Bacillus  subtilis,  but  is  distinguished  from  this 
species  oy  the  germination  of  the  spores. 

Biological  Characters,— Kn  aerobic,  iwn-motile  bacillus.  In  alkaline 
bouillon  at  28**  C.  a  diffuse  cloudiness  is  seen  on  the  second  day,  and  on  the 
fourth  day  a  mycoderma  is  developed  upon  the  surface,  which  contains  spore- 
bearing  baciUi.  The  spores  resemole  those  of  Bacillus  subtilis,  but  the  ger- 
mination of  these  reproductive  elements  is  quite  different  and  resembles 
more  that  of  Bacillus  outyricus.  The  vegetative  cell  emerges  from  a  rup- 
ture at  one  of  the  poles  of  the  exosporium,  and  a  second  rod  appears  to  fol- 
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low  the  first,  pushing  it  before  it;  this  appearance  is,  however,  due  to 
binary  division  of  the  vegetative  cell  before  it  has  completely  emerged  from 
the  spore  membrane.  Characters  of  growth  in  solid  media  not  given.  Not 
pathogenic  for  guinea-pigs. 

383.  BACILLUS  ALLANTOIDES  (L.  Klein). 

Obtained  as  an  accidental  contamination  from  a  culture  of  Bacillus  me- 
gatherium— from  the  air  ? 

Morphology,— Bsteilli  about  0,5  m  thick  and  three  to  four  times  as  long  as 
thick;  form  chains  of  four  to  eight  elements,  the  members  of  which  are 
rather  widely  separated  from  each  other,  but  are  firmly  bound  together  by  a 
jelly-like  membrane  which  is  somewhat  narrower  than  the  ixxis.  The  rods 
exhibit  an  intermittent  to-and-f ro  movement ;  subsequently  they  underspo 
segmentation  into  spherical  elements  which  are  surrounded  by  a  jelly-Hke 
material  and  form  sausage-shaped  zoogloea  masses.  Characters  of  growth  in 
solid  media  not  determined. 

384.   BACILLUS  OF  SCHEURLEN. 

Found  in  cancerous  tissues  by  Scheurlen ;  upon  the  skin  of  healthy  per- 
sons by  Bordoni-Uffreduzzi  (Bacillus  epidermidis) ;  in  scales  of  epidermis 
f  i*om  the  nipple  and  in  the  mammae  of  healthy  women  by  Rosenthal. 

ilforp/M)Z(^y.  —  Bacilli  from  1.5  to  2.5  //  long  and  0.5  /*  broad. 

Biotogtccu  Characters,— Anaerobic,  liquefying,  mo/t7e bacillus.  Forms 
long-oval  spores.  Grows  veiy  slowly  at  the  I'oom  temperature — best  at  29 
C.  In  gelatin  stick  cultures,  at  the  end  of  eight  to  fourteen  days,  a  funnel- 
shaped  cavity  is  formed  near  the  surface,  wnich  is  covered  by  a  wriuklwl. 
membranous  layer,  while  but  little  liquid  gelatin  is  contained  in  il.  Upon 
the  su7f ace  of  agar,  at  BQ"*  C,  at  the  end  of  twelve  hours  a  dull,  fissured, 
colorless  layer  is  developed.  Upon  potato,  at  the  end  of  twelve  to  twenty- 
four  hours  in  the  incubating  oven,  the  whole  surface  is  covered  with  a  yel- 
low, wrinkled  layer;  the  potato  beneath  this  has  a  dirty-pink  color. 

385.   BACILLUS  LACTIS  ALBUS   (Loffler). 

Found  in  milk. 

Morpholoqy. — Bacilli  which  average  3.4  //  in  length  and  0.96  //  in  thick- 
ness; in  milk  grow  out  into  long  filaments ;  resembles  the  bacillus  of  an- 
thrax. 

Biological  Characters. — KnaJerohic,  liquefying,  rwofiVe  bacillus.  Forms 
large  spores.  Grows  slowly  in  the  usual  culture  media  at  the  ixx)m  tempera- 
ture. In  gelatin  stick  cultures  liquefaction  occurs  slowly,  and  upon  the 
surface  of  the  liquefied  medium  a  whitish  layer,  made  up  of  interlaced  fila- 
ments, is  seen.  UpNon  the  surface  of  agar  forms  a  tolerably  thick  layer 
with  thinner  margins.  Upon  potato  a  thin,  dry,  white  layer.  In  niilk 
causes  coagulation  and  subsequent  solution  of  the  casein,  and  produces  leu- 
cin  and  tyrosin, 

38G.    BACILLUS   LIODERMOS   (Loflier). 

Syiwnym.  — Gummibacillus. 

Found  in  milk 

ilfo?y/io/ogri^.— Resembles  Bacillus  mesentericus  vulgatus — small,  thick 
rods  with  round  ends,  in  pairs  or  in  jointed  filaments. 

Biological  Characters, — An  aerobic,  liquefying,  motile  bacillus.  Fonns 
spores.  Grows  rapidly  at  the  room  temperature.  In  gelatin  stick  cultures 
causes  rapid  liquefaction  in  funnel  form;  the  liquefied  gelatin  is  slightly 
clouded  and  is  soon  covered  with  a  whitish  mycoderma.     Upon  the  surface 
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of  agar  a  whitish,  rosette-like  layer  is  developed.  Upon  j)otato  forms  a 
transparent,  gum-like  layer,  which  later  is  thrown  into  thick,  soft  folds, 
similar  to  the  growth  of  Bacillus  mesentericus  vulgatus.  In  milk  causes  co- 
agulation of  the  casein,  which  at  30*"  0.  is  precipitated  as  a  whitish,  cloudy- 
sediment,  ahove  which  a  clear  serum  is  seen ;  the  casein  is  subsequently 
peptonized. 

387.    BACILLUS   ULNA   (Cohll). 

First  described  by  Cohn,  and  subsequently  found  by  Prazmowski  in  a 
solution  of  egg  albumin. 

Morphology. — Bacilli  of  1.6  to  2.2  M  in  breadth  and  of  various  lengths — ^at 
least  3  M  ;  forms  long,  jointed  filaments;  forms  spores  which  are  2.5  to  2.8  /i 
long  and  1  M  broad. 

Biological  Characters, — An  aerobic,  motile  bacillus  which  is  ssiid  to 
frrovr  only  in  albuminous  solutions  (?),  in  which  it  develops  as  cloudy  masses 
which  collect  at  the  surface  and  form  a  thick,  dry  mycoderma  consisting 
of  long,  interlaced  filaments  in  bundles  and  irregular  aggregations ;  does  not 
give  oti  a  putrefactive  odor.    Imperfectly  described. 


388.    BACILLUS  ULNA   OP  VIGNAL. 

Found  by  Vignal  in  the  salivary  secretions  of  healthy  persons,  and  sup- 
posed to  correspond  with  Bacillus  ulna  of  Cohn. 

Morphology^-^trsLight  bacilli  with  round  ends,  about  2  u  long;  often 
united  in  pairs,  in  which  the  elements  are  strongly  adherent;  rarely  in 
chains  containing  more  than  two  segments. 

Biological  Characters. — An  cusrdbic,  liquefying  bacillus.  Spore  forma- 
tion not  observed.  Motility  not  mentioned.  Upon  gela- 
tin plates^  at  the  end  of  twenty-four  hours,  small,  gray- 
ish superficial  colonies  are  formed;  the  centre  of  these 
is  thicker  than  the  periphery;  under  the  microscope  the 
peripheral  zone  is  seen  to  be  made  up  of  fine  interlaced 
filaments ;  by  the  second  or  third  day  the  colonies  have 
increased  considerably  in  size,  and  a  small,  grayish- 
white,  opaque  mass  is  seen,  which  is  surrounded  l)y  an 
extended  zone  of  liquefied  gelatin;  this  is  seen  to  con- 
sist of  four  secondary  zones :  next  the  central  mass  the 
gelatin  is  almost  transparent,  outside  of  this  is  a  granular  fio.  S27.  —  Bacillus 
zone,  outside  of  this  a  grayish,  less  granular  zone,  and  ulna  of  Vignal,  f rom  a 
finally  an  outer  zone  which  is  almost  transparent.  In  cuitiirs  in  nutrient 
aelattn  stick  cultures,  at  the  end  of  forty-eight  hours,  oipar.  x  i,800.  cvig- 
Tiquefaction  in  funnel  form  has  occurred  along  the  line  nai.) 
of  puncture ;  the  liquefied  gelatin  is  transparent  and  con- 
tains suspended  opaque,  white  fiocculi,  which  accumulate  at  the  bottom ;  by 
the  fourth  day  the  gelatin  is  completely  liquefied  as  far  as  the  inoculating 
needle  penetrated,  and  a  whitish  film  is  seen  upon  the  surface.  Upon  the 
surface  of  agar  a  very  adherent,  white  layer  is  developed  which  presents 
punctiform  and  linear  depressions;  the  agar  below  acquires  a  slightly  brown- 
ish color.  In  bouillon  tne  liquid  remains  transparent  and  acquu*es  a  yel- 
lowish tint,  while  a  tolerably  thick,  fragile,  smooth,  white  mycoderma  is 
formed  upon  the  surface;  rather  a  scanty  white  deposit  accumulates  at  the 
bottom.  Grows  in  acid  bouillon— 1  :2,000  of  hydrochloric  acid.  Upon  po- 
tato a  thin,  grayish-white  layer  is  formed  at  the  end  of  forty-eight  hours, 
upon  the  surface  of  which  fine,  slightly  elevated  lines  cross  each  other  in  all 
directions  ;  sometimes  this  forms  quite  regular  hexagonal  figures.  Blood 
serum  is  liquefied  by  this  bacillus.  All  the  cultures  have  a  disagreeable 
odor,  similar  to  that  given  off  by  Bacillus  pyogenes  foetidus. 
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389.  BACILLUS  LIQITEFACIENS  (Eisenberg). 

Found  in  water. 

Morphcflogy,— Short,  rather  thick  rods  with  round  ends. 

BioiogiccU  Characters. — An  aerobic,  liqueffftng,  ajctirely  motile  bacil- 
lus. Spore  formation  not  observed.  Grows  rapidly  at  the  room  tempera- 
ture— not  at  37^  C.  Upon  gelatin  plates  forms  round  colonies  with  a 
smooth  margin,  which  in  the  middle  are  wliiteand  slimy;  liquefaction  com- 
mences in  saucer  shape  and  progresses  rapidly ;  after  a  time  a  putrefiiciive 
odor  is  given  off.  In  gelatin  stick  cultures  development  is  rapid  and  liquf- 
f action  occurs  in  the  form  of  a  funnel,  often  like  an  air  bubble :  the  line  of 
puncture  is  fiUed  with  a  whitish,  granular  mass.  Upon  the  surface  of  agfir 
f(H-ms  a  dirty-white  layer.     Upon  potato  a  pale-yellow  growth. 

390.  BACILLUS  MAIDIS  (Cuboni). 

Obtained  from  ccnm  which  had  been  soaked  in  water  for  eight  hours  at 
30'  C.  and  in  the  faeces  of  individuals  suffering  from  pellagra. 

Morphology. — Bacilli  with  square  ends,  from  2  to  3  m  long:  solitary,  in 
pairs,  orin  chains  of  three  elements — seldom  more;  resembles  Bacillus*  uie- 
sentericus  f uscus  in  morphological  and  biological  characters. 

Biological  Characters. — An  aerobic,  liquefying,  actively  motile  bacil 
lus.  Forms  large  oval  spores  located  at  the  centre  of  the  rods.  Grows  in 
the  usual  culture  media  at  the  room  temperature — ^best  at  26"*  to  30'  C.  Pro- 
duces in  saccharine  solutions  acetic  and  butyric  acids.  Upon  gelatin  plaie,<. 
at  the  end  of  twenty-four  to  thirty-six  hours,  grayish-white,  punctiform  col- 
onies are  developed  below  the  surface,  which  nave  a  yellowish  color.  The 
superficial  colonies  are  thin  and  veil-like;  under  a  low  power  they  are  sei>ii 
to  be  finely  granular  and  have  an  irregularly  folded  margin;  later  liquefac- 
tion commences  and  they  have  a  radiate,  fi^nely  striped  mar]gin ;  the  lique- 
faction progresses  rapidly,  forming  shallow,  saucer-like  cavities.  In  gelatin 
stick  ciutures  liquefaction  occurs  sdong  the  line  of  puncture  within  twenty- 
four  hours  in  the  form  of  a  funnel  or  cylindrical  tube,  and  rapidly  extends 
to  the  walls  of  the  test  tube  at  the  surface.  Upon  the  suiface  of  cibor,  at  34 
to  36'  C,  a  thin,  diy,  wrinkled  laver  covers  the  entire  surface  within  tweu- 
ty-four  hours;  this  is  white  or  yellowish-white  and  easily  detached.  Uptni 
potato  a  white,  somewhat  granular,  and  later  finely  wrinkled  layer,  which 
acquires  a  yellowish-brown  color.     Blood  serum  is  liquefied  by  this  bacillus. 

391.  PROTEUS  SULFURECS  (lindenbom). 

Foimd  in  water. 

Morphology. — Bacilli  of  various  lengths,  the  average  length  being  alM>ut 
1.6  ^  and  the  breadth  O.S Mi  often  in  long  chains  or  filaments.  Resembles 
Proteus  vulgaris,  and  is  perhaps  identical  with  this  species  (Eisenbeang)- 

Biological  CharcKters.^An  aerobic,  liquefying,  motile  hag^Uxts,  Spore 
formation  not  observed.  Grows  rapidly  at  the  room  temperature.  Forms 
sulphuretted  hydrogen.  Upon  gelatin  plates  forms  white  colonies,  from 
which  filamentous  outgrowths  upon  the  surface  of  the  gelatin  are  given  otf : 
these  form  *' swimming  islands";  later  liquefaction  occurs  in  the  form  of 
broad  funnels  with  grayish-white  contents.  In  gelatin  slide  cultures  devel- 
opment occurs  along  the  line  of  puncture,  and  liquefaction  in  funnel  shajie 
near  the  surface.  Upon  the  surface  of  agar  a  thick,  grayi^-white  layer  is 
developed.  Upon  potato  a  slimv,  CTayish- white  layer,  which  later  acquires 
a  brownish  color.  In  milk  an  alksJine  reaction  is  produced  in  the  course  of 
several  weeks,  and  the  casein  is  peptonized  without  previous  precipitadoii : 
the  milk  acquires  a  bitter  taste  and  a  yellowish  color. 

39-2.  BACILLUS  TMERXOPHILUS  (Miquel). 

Found  in  the  contents  of  sewers,  in  the  alimentary  tract  of  man  and  ani- 
mals, and  in  tlie  soil. 
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Morphology, — Bacilli  about  1  u  thick,  which  form  filaments  of  various 
lengths. 

Biological  Cfiaracters. — An  aJ^robic^  non-motile  bacillus.  Forms  spores, 
which  are  located  at  the  extremities  of  the  rods.  No  growth  in  gelatin  at 
the  room  temperature.  Grows  at  temperatures  between  42'  and  72'  C,  but 
not  below  42°  or  above  72^* ;  ffrows  best  at  66"  to  70**  C.  Upon  the  surface 
of  agar  y  at  42°  to  45'  C,  a  white,  disc  shaped,  prominent  layer  is  formed — 
more  abundant  growth  at  50**  to  65°  C.  In  bouillon,  at  60"  C.,  development 
occurs  upon  the  surface  in  the  form  of  a  mvcoderma  which  is  easily  broken 
up,  and  the  liquid  below  is  diffusely  clouded. 

393.   BACILLUS  TUMESCENS   (Zopf). 

Found  upon  beets. 

Morphology. Short  bacilli,  about  1.17  abroad;  grow  out  into  irregu- 
larly bent  and  twisted  filaments ;  resembles  Bacillus  me^therium. 

Biological  Characters. — An  aerobic,  liquefying,  motile  bacillus.  Move- 
ments slow.  Forms  oval  spores.  Grows  rapidlj  at  temperatures  above 
20°  C.    Upon  gelatin  plates  forms  round,  superficial  colonies  which  have  a 


no.  888.— BaciUiu  buocalis  mazimus,  after  treatment  with  iodine  solution.    X  1,600.    OfOler.) 

brownish-yellow  color;  after  several  days  the  margins  are  no  longer  well 
defined,  but  have  a  f  ring^  appearance,  and  liquefaction  commenc^.  Upon 
potato  a  thick,  white,  viscia  layer,  with  somewhat  folded  margins,  is  de- 
veloped ;  later  this  extends  over  the  entire  surface. 

394.   BACILLUS  BUCCALIS  MAXIMUS  (Miller). 

Found  in  the  mouth  of  man — common. 

Aforp/wZoaw.-—*' Isolated  bacilli  or  threads,  but  much  oftener  tufts  of 
threads,  parallel  to  or  crossing  each  other,  from  30  to  150  /*  long,  and  dis- 
tinctly articulated.  The  rods  are  from  2  to  10  /*  long,  sometimes  even 
longer,  and  from  1  to  1.3  /*  broad.  This  bacterium  is  therefore  the  largest 
occurring  in  the  mouth;  it  has  a  very  regular  contour  and  usually  the  same 
thickness  throughout.  Not  all  of  the  cells  of  this  bacterium  show  the  iodine 
reaction— a  statement  which  applies  equally  well  to  most  bacteria  that  turn 
blue  on  the  addition  of  iodine.  The  majority  of  them,  however,  respond 
very  distinctly  to  the  test,  becoming  stained  brown- violet,  either  through- 
out or  onl^  in  isolated  places.^' 

Biological  Characters  not  determined. 
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:3.*.5-    LEPTOTHKIX  BUCCALIS  OF  VIGXAX. 

Foaad  by  ViOTal  in  the  healthy  human  month — ^rare.  Supposed  by 
Vi^rnal  co  be  identical  wich  Leptochris  buccalis  of  Robin :  but  as  tne  charac- 
ters i>t'  the  micT»>>r^ani>rQ  receivinir  this  name  were  not  definitely  dcter- 
nuneii  by  Robin,  sue  a  identitication  is  impossible.  It  seems  more  probable 
that  the  large  bfi*eilius  described  by  Miiier  (Bacillus  buccalis  maximusK 
wriich  IS  found  very  commonly  in  the  human  mouth,  but  has  not  been  cul- 
tiv^ateil.  Is  the  leptothrix  of  R«>bLn. 

M'jrphitttftjij. — Ba«nLii  from  1  to  1.5  u  in  breiidth  and  varying  greatly  in 
lentil — fn>m  1.6  lo2^y  u:  often  united  in  long^  chains,  or  in  filaments  which 
itre  sten  to  be  seinnented  when  treated  with  staining  agents.  This  lepto- 
tiirix  is  characterized  by  the  presence  of  transverse  partitions  in  the  interior 
of  the  P»xLs.  seen  only  in  stained  preparations:  these  are  best  seen  in  old 
n-MJs,  which  are  less  deeply  stained  than  those  of  more  recent  development : 
the  pcirnti«>ns  in  these  are  more  deeply  stained  than  the  remaining  portion 
«>f  the  filament. 

BiiAtj*jici.\l  Characters. — An  aerobic,  liquefying  bacillus.  Spore  forma- 
tion not  observed.  Grows  very  slowly  in  the  usual  culture  media  at  tempe- 
ratures above  ^  C.  Upon  gelatin  pintes.  by  the  third  or  fourth  day,  small. 
riKind.  grayish-white,  projecting  ci>lonies  are  formed:  by  the  fifth  "or  sixth 
day  an  irreirular  b«)rder  of  rounded  festoons  is  developed:  this  is  semi-trans- 
parent ami  presents  depressions  and  ridges  which  are  radial  or  parallel 
with  the  nianrin :  the  prominent  centre  remains  opaque  and  of  a  grayish- 
white  color:  later  this  border  extends  considerably  and  the  gelatin  below  it 
becomes  li^'ietied.  In  gelatin  stick  cnltttrf'H,  at  the  end  of  forty-eight 
riours.  a  >m;4il  mass  is  developed  at  the  point  of  puncture,  about  two  milli- 
metres in  diameter,  and  a  slender  line  of  growth  is  visible  along  the  track  of 
the  needle  below ;  by  the  fourth  day  the  surface  growth  has  a  diameter  of  tiVe 
to  six  miUinieires.  and  below  it  a  little  transparent,  liquefied  gelatin  is  seen  in 
acupshapeilcLivity:  this  increases  slowly  in  dimensions  and  the  liquefied  gela- 
tin remains  clear,  while  a  bluish  mycoderma  is  seen  upon  the  surface:  the 
STinvth  along  the  line  of  puncture  remains  scanty,  but  is  a  little  more  abun- 
dant a(M>ve  in  contact  with  the  cup  shaped  cavity:  by  the  eighth  day  tliis  ex- 
tends to  the  walls  of  the  tul)e;  by  the  twelfth  dav  the  cup  form  has  disap- 
p*^aretl  and  the  gnelatin  is  liquefied  to  a  depth  of  a^ut  one  centimetre:  it  is 
-itiil  covered  with  a  bluish  membranous  layer,  and  a  scanty  whitish  deposit 
i>f  leptothrix  filaments  is  seen  at  the  bottom  of  the  liquefied  gelatin  Lpon 
the  surface  of  agar,  at  the  end  of  twenty- four  hours  at  36'  to  38"'  C.  a 
>iiirhtly  wrinkled,  transparent,  white  layer  is  developed:  later  this  is  still 
more  wrinkled.  drA*.  and  of  a  trans|>arent  yellow  color:  it  is  easily  broken 
up.  In  neutral  boniilon  a  sliirht  cloudiness  is  produced  and  a  scanty  white 
precipitate  is  fonneil  at  the  bottom  of  the  tube:  no  mycoilerma  develops  upon 
the  surface.  UiK)n  potato  a  layer  is  developed  which  is  of  a  dirty- white 
color  at  the  centre  and  of  a  purer  white  near  the  margins. 

39G.    BACILLUS   6   OF  VIGNAL. 

Obtained  quite  frequently  by  Vignal  in  cultures  from  healthy  buccal  se- 
cretions. 

Morphology. — Bacilli  with  square  ends,  straight  or  slightly  curved,  about 
0.5  n  in  diameter  and  varying  greatly  in  length — from  1.5  to  6.5  m  often 
united  in  chains. 

Biological  Characters. — An  aerobic,  liquefying  bacillus.  Spore  forma- 
tion not  observed.  Motility  not  mention^.  Grows  rather  slowly  at  the 
room  temperature— more  abundantly  at  37'  C.  Upon  gelatin  plates,  at  the 
end  of  twenty-four  hours  at  a  temperature  of  18'  to  2^)'  C,  prominent, 
small,  grayi.sh- white  colonies  are  developed  upon  the  surface;  at  the  end  of 
fortv-eight  houi-s  a  collarette  with  irre^larly  festooned  margins  is  devel- 
opecl  around  this  central  mass;  this  is  thinner  and  much  nx>re  transparent 
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than  the  central  portion  of  the  colony ;  under  a  low  power  it  is  seen  to  be 
formed  of  an  innumerable  series  of  skein-like  bundles,  arranged  side  by- 
side  and  more  or  less  twisted,  which  proceed  from  the  central  mass.  In 
gelatin  stick  cultures^  at  the  end  of  forty-eight  hours,  a  small,  flat  mass  is 
developed  at  the  point  of  puncture,  and  a  scanty  growth  is  seen  along  the 
line  of  inoculation.  On  the  fourth  day  the  superficial  growth  covers  the 
•  entire  surface,  it  is  translucent  by  transmitted  light  and  white  by  reflected 
light ;  bv  the  sixth  day  the  gelatin  is  liquefied  to  a  depth  of  one  centimetre 
below  the  superficial  growtn  ;  the  liquefied  gelatin  remains  transparent  ; 
upon  the  surrace  is  seen  a  white,  membranous  layer,  and  at  the  bottom  a 
rather  scanty  white  deposit:  liquefaction  slowly  extends  downward,  and  by 
the  twelfth  day  has  reached  a  level  corresponding  with  the  bottom  of  the 
line  of  puncture.  Upon  the  surface  of  agar,  at  the  end  of  twenty-four  hours 
at  SB**  to  38**  C,  a  dull- white  laver,  havmg  a  thickness  of  about  one  milli- 
metre, is  developed ;  this  is  easily  broken  up  with  the  platinum  needle.  In 
neutral  bouillon  a  slight  cloudiness  is  quickly  produced,  a  thin  film  forms 
upon  the  surface,  ana  a  scanty  white  precipitate  at  the  bottom  of  the  tube. 
Xj^njjotato,  at  the  end  of  forty-eight  hours,  a  layer  the  size  of  a  five- franc 
piece  IS  developed,  which  has  a  pale-pink  color  and  a  rough  surface — resem- 
bling a  lichen.  Blood  senium  is  liquefied  rather  rapidly,  and  acquires  a 
brownish  color,  while  an  abundant  white  precipitate  accumulates  at  the 
bottom  of  the  tube, 

397.   BACILLUS  /  OF  VIGNAL. 

Found  by  Vignal  in  the  salivary  secretions  of  healthy  persons. 

Morphology. — Bacilli  with  slightly  rounded  ends,  from  0.8  to  1.2  u  in 
length  when  cultivated  upon  agar,  and  from  1.4  to  2.4  x<  when  cultivated  in 
neutral  bouillon ;  usually  solitary,  occasionally  united  in  short  chains. 

Biological  Characters, — An  aerobic,  liquefying  baciUus.  Spore  forma- 
tion not  observed.  Motility  not  mentioned.  G-rows  rather  slowly  at  the  room 
temperature— more  rapidly  at  S?**  C.  Upon  gelatin  plates^  at  the  end  of  forty - 
eight  hours,  small,  projecting,  opaque,  white  colonies  are  developed ;  at'  the 
end  of  four  days  the  colonies  are  seen  as  conical,  opaque,  white  masses,  di- 
vided into  about  twenty  segments  by  grooves  which  start  from  the  summit. 
In  gelatin  stick  cultures  a  small  but  prominent  white  mass  is  seen  at  the 
point  of  puncture,  and  a  scanty  line  of  development  along  the  track  of  the 
inoculating  needle;  on  the  fourth  day  the  surface  growth  has  extended 
nearly  to  the  walls  of  the  tube,  and  just  below  this  some  fine  branches  are 
given  off  from  the  line  of  growth ;  tlie  sixth  day  the  entire  surface  is  covered 
and  the  gelatin  below  is  liquefied  for  a  short  distance ;  the  eighth  day  the 
liquefaction  has  extended  downward,  and  the  solid  gelatin  below  has  a 
clouded  appearance  owing  to  the  development  of  a  quantity  of  small,  white 
colonies;  by  the  twelfth  day  the  liquefied  gelatin  has  a  depth  of  about  two 
centimetres,  a  shining,  white  mycoderma  is  seen  upon  the  surface,  a  white 
deposit  at  the  bottom,  and  below  this  numerous  small  colonies  in  tlie  solid 
gelatin.  Upon  the  surface  of  agar  very  adherent,  white  colonies  are 
formed,  which  later  extend  to  form  a  transpai*ent.  white  membrane.  In 
neutral  bouillon  a  slight  cloudiness  is  producetl,  and  a  very  scanty,  whitish 
deposit  is  seen  at  the  bottom  of  the  tube.  Does  not  develop  well  in  acid 
bouillon.  Upon  blood  serum  a  whitish  layer  is  formed,  which  later  becomes 
semi-transparent  and  causes  a  slow  liquefaction  of  the  medium.  Upon  po- 
tato, at  the  end  of  forty-eight  hours,  a  layer  is  developed  which  has  a  vel- 
vety appearance  in  the  centre,  and  a  yellowish  or  brownish-white  color; 
by  the  end  of  forty-eight  hours  this  layer  is  as  large  as  a  five-franc  piece. 

398.    BACILLUS  BUCCALIS   FORTUITUS. 

Synonym.— Bacillus y,  Vignal. 

Found  by  Vignal  in  the  salivary  secretions  of  healthy  persons. 
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Morphology, — Bacilli  with  square  ends,  from  1.4  to  3  /i  long;  often  united 
in  pairs,  the  efements  of  which  may  be  joined  at  an  angle  of  greater  or  less 
degree. 

Biological  Characters, — An  aJMbic,  liquefying  bacillus.  Spore  for- 
mation not  observed:  Motility  not  mentioned.  Grows  at  the  room  tempera- 
ture in  the  usual  culture  media.  Upon  gelatin  plates^  at  the  end  of  forty- 
eight  hours,  small,  round  colonies  are  developed,  which  increase  considerably 
in  thickness  and  diameter,  and  by  the  fourth  or  fifth  dav  have  caused  lique- 
faction of  the  surrounding  gelatin.  In  gelatin  stick  cultures,  at  the  end  of 
forty-eight  hours,  a  small  mass  has  formed  at  the  point  of  inoculation,  and  a 
scanty  nne  of  development  is  seen  along  the  track  of  the  inoculating  needle: 
by  the  fourth  day  the  growth  has  extended  over  the  entire  surface  and  pre- 
sents a  decided  prominence  at  the  centre;  the  gelatin  below  is  liquefied  and 
remains  transparent,  with  some  opaque,  white  flocculi  in  sus^iension ;  by  the 
twelfth  day  the  liquefaction  extends  to  a  depth  of  two  centimetres,  and  a 
yellowish-white,  abundant  deposit  is  seen  at  the  bottom.  Upon  the  surfacf 
of  agar  at  36"*  to  38°  C,  small,  white,  opaque  colonies  are  developed,  which 

S resent  a  small,  nipple-like  projection  at  the  centre.  In  neutral  oouiUon  a 
iifuse  cloudiness  is  produced;  a  thick,  duU-wliite  laver  forms  upon  the  sur- 
face, and  an  abundant  dull- white  deposit  is  seen  at  the  bottom  of  the  tube. 
Does  not  grow  well  in  acid  bouillon.  Upon  potofo  a  rather  thick  growth  is 
developed,  which  extends  slowly  and  acquires  a  slightly  pinkish  tint. 

399.  BACILLUS  HAVANIENSIS  LIQUEFACIENS  (Sternberg). 

Obtained  in  cultures  from  the  surface  of  the  body  of  patients  in  the  char- 
ity hospital  at  Havana. 

Morphology. — Bacilli  with  round  ends,  about  0.8  /i  thick  and  varying 
greatly  in  length — from  1.2  to  5^;  solitary,  iu  pairs,  or  may  grow  out*inU» 
long  filament& 

BiologiccU  Characters. — An  airobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  Grows  at  the  room  temperature— better  at  37^  C. 
Upon  gelatin  plates,  at  the  end  of  twenty-four  hours  at  22""  C,  round  colo- 
nies are  developed  which  have  a  milkv  opacity  and  are  surrounded  by  a 
transparent  marginal  zone  with  irregular  margins;  under  the  microscope 
these  colonies  are  seen  to  be  finely  granular ;  at  the  end  of  twenty-four 
hours  liquefaction  commences.  In  geiatin  stick  cultures  liouefaction  occurs 
along  the  entire  line  of  puncture;  at  the  end  of  four  days  the  liquefied  gela- 
tin is  clouded  throughout;  in  old  cultures  it  is  quite  transparent,  and  a  s&ght 
fiocculent  deposit  is  seen  at  the  bottom  of  the  tube.  Upon  the  surface  of 
agar,  at  the  end  of  two  weeks,  a  thin,  pale-brown  layer  is  developed.  No 
growth  upon  pot(Uo.    Not  pathogenic  for  rabbits.      , 

400.  BACILLUS  LIQUEFACIENS  COMMUNIS  (Sternberg). 

Obtained  in  cultures  from  the  fseces  of  yellow-fever  patients  at  Decatur. 
Ala.  (1888). 

Morphology. — Bacilli  with  round  ends,  from  1  to  2  i'  long  and  about  0.7  M 
thick;  solitary  or  in  pairs. 

Biological  Characters, — ^An  aercbic  sLndfactiltative  anaerolnc,  liquefy- 
ing, actively  motile  bacillus.  Grows  in  the  usual  culture  media  at  the  room 
temperature,  also  at  comparatively  low  temperatures,  and  in  th  ^  incubatiurr 
oven  at  37  "*  C.  Spore  formation  not  observed.  Grows  in  an  acid  medium— 
1  :  500  of  hvdrochioric  acid.  In  gelatin  stick  cultures  liquefaction  occurs 
rapidly  in  the  form  of  a  purse.  On  potato,  at  the  end  of  two  weeks,  an  ir- 
regular, corrugated  layer  is  developed  which  has  a  pinkish  color.  Not 
pathogenic  for  rabbits. 
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E.  Strictly  Anaerobic  Bacilli, 

401.   BACILLUS   MUSCOIDES   (Liborius). 

Found  in  the  soil  by  inoculations  in  mice,  also  in  old  cheese,  and  in  the 
excrement  of  cattle. 

Morphology. — Bacilli  about  1  //  thick,  with  slight  inclination  to  form  fila- 
ments. 

Biological  Characters, — An  afiaerobic,  non-liquefyircg^  motile  bacillus. 
Forms  short-oval  spores,  which  are  located  at  the  ends  of  the  rods.  In  gela- 
tin and  in  a^ar  forms  colonies  which  give  off  delicate,  branching,  moss-like 
offshoots.  In  gelatin  stick  cultures  a  delicate,  branching  growth  is  given 
off  from  the  lower  two-thirds  of  the  line  of  puncture. 


■1-^ 


Fio.  :229.— BaciUus  muscoides;  colony  in  nutrient  gelatin,    y  80.    CLiboiius.) 

402.  BACILLUS  SOLIDUS  (Llideritz). 

Obtained  from  garden  earth  by  inoculation  into  mice  and  guinea-pigs. 

Morphology, — Bacilli  of  from  1  to  10  m  in  length— average  4  5  /^— and 
0.5  /i  thick;  the  longer  bacilli  consist  of  two  segments,  but  regular  filaments 
are  not  formed.  ^  ^-t    ,      .,, 

Biological  Characters.— Aa  anaJerobic,  non-liquefying,  motile  bacillus. 
Movements  tolerably  active,  i>endulous  and  progressive.  In  old  gelatin 
cultures  some  of  the  bacilli  contain,  at  one  or  both  ends,  small  refractive 
bodies  which  are  probably  spores.  Grows  at  the  room  temperature.  In 
nutrient  gelatin  containinjj  grape  sugar,  at  the  end  of  two  days,  punctiform 
colonies  are  developed  which  later  attain  the  size  of  a  }K)ppy  seed ;  they  are 
spherical  and  have  smooth  outlines;  the  gelatin  is  not  liquefied,  but  gas  bub- 
bles are  formed,  and  a  disagreeable  odor  is  given  off  by  the  cultures,  resem- 
bling decomposing  perspiration  from  the  feet.  In  the  absence  of  grape 
sugar  the  development  is  scanty  and  thei^e  is  no  development  of  gas.  In 
nutrient  agar  the  colonies  are  but  little  larger,  they  are  transparent,  and 
under  a  low  power  resemble  little  flocculi  of  cotton.  In  blood  serum  devel- 
opment occurs  only  in  the  middle  and  lower  part  of  the  line  of  puncture. 
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Ill  iHndllon,  when  oxygen  is  excluded,  an  abundant  development  occurs  at 
37  C.  at  the  end  of  twenty -four  hours;  the  bouillon  becomes  clouded  and 
gives  off  stinking  gases. 

403.   BACILLUS  POLYPIFORMIS   (Liborius). 

Found  in  the  soil  by  inoculations  in  mice,  in  the  excrement  of  cows,  eic 
Moi^hology. — Slender  bacilli  of  varioiLs  lengths,  a  little  more  than  1  m 
thick;  do  not  lorm  filaments. 

Biological  Charcuiters, — An  anaerobic,  non-liquefying  bacillus  ;  ex- 
hibits very  slight  independent  motion.  Forms  lon^-oval  spores,  which  oc- 
cupy one-half  to  two-thirds  of  the  len^h  oi^the  rcSs,  and  Uie  diameter  of 
which  is  a  little  more  than  that  of  the  bacilli.  The  colonies  in  gelcUin  con- 
sist of  small,  yellowish  masses  with  irregular,  broad,  flap-like  projections: 
under  the  microscope  these  are  seen  to  consist  of  variously  twist^  and  bent 
outgrowths,  varying  in  thickness,  which  are  given  off  in  all  directions  like 
the  tentacles  of  a  polj-p;  later  these  outgrowtns  increase  in  thickness.  In 
agar  white  colonies  of  irregular  form,  the  size  of  a  pin's  head,  are  developed; 
under  a  low  power  these  appear  as  finely  granular,  brownish,  mulbeny-like 


Fio.  230.— BMdUus  polTpifonnifl;  colony  in  nutrient  jcelatin.    x  80.    CLn>oriii«.) 

masses.  In  6/ood  serum  a  diffu.se  cloudiness  is  developed  at  the  bottom  of 
the  line  of  puncture.  The  addition  of  two  per  cent  of  sugar  to  culture 
metlia  favors  the  growth  of  this  bacillus;  no  gas  is  developed  as  a  result  of 
its  growth  in  such  a  medium. 

404.  BACILLUS  BUTYRICUS  (Prazmowski). 

Synonyms. — Bacill us  amy lobacter:  Clostridium  butyricum. 

Found  in  putrefying  vegetable  infusions,  in  old  cheese  and  milk,  in  the 
soil,  etc. 

A/orp/io/ogy.— Bacilli  with  round  ends,  from  3  to  10  //  long  and  about  1  u 
thick;  freouently  associated  in  chains;  also  in  filaments  not  apparently  seg- 
mented. The  rods  assume  a  spindle  or  tadpole  form  when  spore  formation 
is  about  to  occur,  and  may  then  be  from  1.8  to  2.6 /*  thick;. the  spores  are 
oval,  about  2  to  2.5  m  long  and  1  u  broad,  and  are  located  centrally  or  at  one 
extremitv.  When  the  spore  vegetates  a  rupture  of  the  exosporium  occurs  at 
one  of  tlie  poles,  and  the  bacillus  gro^\-s  out  in  the  direction  of  the  long  axis 
of  the  reproductive  element;  the  empty  spore  case  retains  its  form  after  the 
vetr^'tiitive  cell  is  extruded. 

Biohxjical  Chanictei^.—Asi  anaei^ic,  motile  bacillus.  Forms  large  oval 
spores.    Grows  at  the  room  temperature,  in  the  absence  of  oxygen.    The 
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spores  are  destroyed  by  a  temperature  of  100"  C.  maintained  for  five  minutes. 
In  solutions  containing  starch,  sugar,  dextrin,  or  salts  of  lactic  acid  this  ba- 
cillus produces  a  considerable  quantity  of  butyric  acid,  and  at  the  same  time 
carbon  dioxide  and  hydrogen  are  given  off.  The  most  favorable  tempera- 
ture for  its  development  is  from  35'  to  ^O''  C.  Accoixling  to  Fitz,  it  does  not 
cause  the  coagulation  of  sterilized  milk,  but  the  casein  is  slowly  peptonized. 
This  bacillus  also  causes  the  decomposition  of  cellulose,  producingf  hydrogen 
and  .-carbon  dioxide,  or  methane,  carbon  dioxide,  and  sulphuretted  hydrogen, 
according  to  the  composition  of  the  culture  medium  (Tappeiner).  It  appears 
to  be  the  bacillus  Which  usually  gives  rise  to  but^^ric  acid  fermentation  in 
milk  which  has  been  kept  for  some  time,  and  also  in  cheese ;  this  occui*s  in 
milk  after  the  lactic  acid  fermentation, which  is  due  to  aerobic  bacilli,  and 
esi)ecially  to  Bacillus  acidi  lactici.  The  chai*acters  of  growth  in  solid  media 
have  not  been  determined.    A  peculiar  staining  reaction  occurs  when  this 


000^ 


/?x^ 


Fio.  881.— Bacillus  butyricus;  A,  single  badUi;  B,  chains  and  filament;  C,  spore  formation, 
showing ' '  Clostridium  form  " ;  D,  germination  of  a  spore  —a  to  t.    X  1  .OSO.    (Prasmowskl .) 

bacillus  from  cultures  containing  starch  or  cellulose  is  treated  with  iodine 
solution ;  the  protoplasm  of  the  c^ls  acquires  a  blue  or  dark-violet  color,  the 
youn^r  cells  being  of  a  pure  blue ;  in  some  cases  an  oblique  zone  of  blue 
only  IS  seen,  in  others  the  entire  cell  is  stained. 

405.    CLOSTRIDIUM  FCETIDUM   (Liborius). 

Obtained  from  garden  earth  by  inoculations  in  mice,  etc. 

Morphology. — fiacilli  of  various  lengths  and  about  1  m  thick;  sometimes 
grow  out  into  filaments.  Forms  large  oval  spores,  located  centrally  or  at 
one  end  of  the  rod ;  these  are  of  greater  diameter  than  the  bacilli  before  spore 
formation,  and  cause  the  rods  to  have  a  spindle  (Clostridium)  form,  or  oc- 
casionally an  expanded  extremity ;  resembles  Bacillus  butyricus. 

Biological  Characters. — An  anajisrcbic^  liquefying,  actively  motile  ba- 
cillus.   Forms  spores.     Grows  in  the  usual  culture  media,  in  the  absence  of 
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oxysen,  at  the  room  temperature.  Upon  agarplaieSy  in  the  abaenoe  of  air, 
small,  yeUowish- white  colonies  are  developed  which  are  irr^rular  in  form 
and  Tary  considerably  in  size;  these  are  surrounded  by  ouC^^rowths  which 
are  more  compact  and  less  branched  than  similar  colonies  of  the  bacillus  of 
malignant  cedema.  In  nutrient  gdatin  irr^ular,  spherical  colonies  are  de- 
veloped, which  rapidly  cause  liquefaction  of  the  surrounding  eelatin,  and 
spherical  cavities  filled  with  a  deeply  clouded  liquid  are  formed.  In  blood 
Berum  a  homogeneous  cloudiness  is  seoi  in  the  vicinity  of  the  line  of  punc- 
ture, and  at  the  lower  part  of  this  a  few  isolated,  irregularly  branching  col- 
onies are  developed.  A  considerable  amount  of  gas  is  formed  in  the  cultarcs 
in  various  media;  this  appears  as  scattered  bubUes,  and  also  causes  a  split- 
ting-up  of  the  culture  medium;  in  gelatin  cultures  liquefaction  graduallT 
extenos  up¥rard  until  it  reaches  the  surface.  The  gases  evolved  have  an  ex- 
tremely disa^preeable  odor;  they  are  produced  more  abundantly  in  culture 
media  contaming  sugar. 

406.  BACILLUS  LIQUEFACIENS  MAGNUS  (LMeritz). 

'    Found  in  garden  earth  by  inoculations  in  mice  and  guinea-pigs. 

Morphology, — Bacilli  with  slightly  rounded  ends,  straight  or  slightly 
curved,  from  3  to  6  /<  long  and  from  0.8  to  1.1  m  thick;  may  grow  out  into 
long,  flexible  filaments. 

Biological  Characters. — Aa  anaerobic,  lique- 

\  fying,  motile  bacillus.    Grows  rapidly  at  the 

\^  JiMBj^         ^      room  temperature,  in  the  absence  of  oxygen,  in 

<v4m|F|^H|k      ^     ^®  usual   culture   media.      Forms    lone-oval 

""•^I   ^^K^^p     M        spores,   from   I  U>  2  fi  long  and  0.8  m  broad; 

Q    ^tUftr     m  ^^ese  are  located  at  or  near  the  middle  of  bacilli 

'^'^       m  from   4  to   6  /I  long — not  in   the   long  fila- 

a^  ments  unless  these  are  segmented.     When  culti- 

^^^      ^^  V  ^'■'',  vated  in  a  medium  containing  grape  sugar,  the 

^^^M   ^^^i^^^^''^'  spore-beanng  bacilli    are   stained  violet   witti 

^HHP  ^^^Sti^^2         iodine  solution — sometimes  pale  and  in  places 

f^^^   ^^^^P^         oj^ly*  «^t  others  throughout.    In  gelatin  cmtuns 

f     '         ^^^  ^S^  development  is  already  evident  at  the  end  of 

-  •  •>  twenty-four  hours,  one  or  two  centimetres  below 

Fhl  23S.  ~  Bacillas    UqueCa-     the  siu-face,  as  scattered  puncti form  colonies:  at 

cims  magnnB ;  joattg  coioiiiesiii     the  end  of  two  days  these  are  one  to  two  milii- 

nntriesi  gelatin,   x  60.  (L&de-     metres  in  diameter  and  have  smooth  margins. 

rit^)  with  transparent,  dull- white   contents:  at  the 

end  of  three  or  four  davs  the  eelatin  is  usually 
entirel^r  liquefied;  the  liquefaction  extends  upward,  and  toe  liquefied  ^^^la- 
tin.  which  at  first  is  clouded,  becomes  clear,  while  a  slimy,  whitish  depi»it 
is  seen  at  the  bottom  of  the  tube.  In  cultures  containing  grape  sugar  sonin 
gas  is  developed;  this  has  a  disagreeable  odor  like  tliatof  old  cheese.  In 
gelatin  stick  cultures  liquefaction  begins  along  the  line  of  puncture,  from 
1  to  1.5  centimetres  below  the  surface,  within  forty-eight  hours;  nnd  a  sau 
sage- shaped  collection  of  liquefied  gehoin,  of  a  dull-white,  or  silver-gray  ci»lor. 
IS  seen.  In  long  agar  cultures  development  is  rapid,  and  colonies  are  ^*^n 
nearer  the  surface  than  in  similar  gelatin  cultures— often  within  five  niiili 
metres;  the  young  colonies  have  a  delicately  branched,  moss-like  appear 
ance:  in  older  colonies  the  branching  is  coarser.  In  stick  cultures  iu  /^^>'«' 
Sf'nim,  in  the  incubating  oven,  at  the  end  of  twenty  four  hours  a  siniph* 
line  of  growth  is  seen  along  the  lower  portion  of  the* track  of  the  inoculat- 
ing needle;  later  numerous  lateral  offshoots  give  the  growth  a  brush-like 
ap(>earance ;  the  blood  serum  is  soon  liquetied  and  foiu-smelling  gases  an^ 
given  off.     Not  pathogenic  for  mice  or  for  guinea-pigs. 

407.  BACILLUS  LIQUKFACIfiNS  PAKVUS   (Ludeiitz). 
Obtained  from  garden  earth  by  inoculations  in  mice  and  guinea-pigs. 
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Morphology, — Bacilli  from  2  to  5/<  long  and  0.5  to  0.7/*  thick;  often 
£^ix>w^  out  into  long,  flexible  filaments. 

Biological  Characters, — ^An  anaerobic,  liquefying,  non-motile  bacillus. 
Grows  rapidly  at  the  room  temperature,  in  tne  absence  of  oxygen,  in  the 
usual  culture  media.  In  bouillon  cultures  the  thickness  of  many  of  the 
rods  is  increased  to  1  or  1.2  /*,  and  in  these  small,  round,  refractive  bodies 
are  seen  at  the  ends,  or  in  a  linear  series,  which  are  probably  spores.  The 
addition  of  two  per  cent  of  grape  sugar  to  culture  media 
is  favorable  to  the  growth  of  this  &icillus.  In  gelatin 
cultures  development  occurs  at  a  distance  of  one  to 
two  centimetres  below  the  surface ;  at  the  end  of  two 
days,  at  20°  C,  piuictiform  colonies  are  developed; 
these,  when  not  too  close  together,  attain  a  diameter  of 
2  to  2.5  millimetres;  thev  are  filled  above  with  trans- 
parent liquid  gelatin  and  below  with  a  whitish  mass  of 
bacteria.  In  gelatin  stick  cultures  a  row  of  spherical 
colonies  is  developed  along  the  line  of  puncture ;  these 
increase  in  diameter  from  above  downward.  ^  In  nu- 
trient agar  opaque  colonies  are  developed  within  0.5  to 
1  millimetre  of  the  surface;  these  are  tabular,  almond- 
shaped,  or  whetstone-shaped,  and  have  a  tolerably 
smooth  contour  at  first ;  later  they  are  irregular  in  out- 
line. Blood  serum  is  slowly  liquefied  by  this  bacillus. 
In  agar  cultures  a  few  gas  bubbles  are  aeveloped,  and 
also  in  blood  serum.  In  bouillon  a  decided  putrefac- 
tive odor  is  developed. I    Not  patliogenic  for  mice. 


Fio.  «».-Baci)luB  U- 
qoefacieiui  panrus;  col- 
ony In  nutrient  agar. 
XOO.    CLQderitz.) 


408.  BACILLUS  RADIATUS  (Liideritz). 

Obtained  from  warden  earth  by  inoculations  in  mice  and  guinea-pigs. 
Morphology. — Sacilli  with  round  ends,  from  4  to  7  //  long  and  about  0.8 
M  thick;  often  grow  out  into  long  filaments,  which  are  seen  to  be  composed 
of  separate  segments. 

Biological  Characters,— An  anaSrobic,  liquefy hig^  wofife bacillus.  Move- 
ments are  less  active  than  in  Bacillus  liquefaciens  magnus,  and  only  ob- 
served in  specimens  from  a  recent  culture.  Spores  are  developed  in  the  sin- 
gle rods  only— not  in  the  filaments;  they  are  from  1,2  to  2  fs  long  and  0.8  to 

0.9  >u  thick,  and  are  centrally  located  in  the 
rods;  the  spore-bearing  bacilli  are  somewhat 
thicker  than  others,  but  do  not  acquire  a  spin- 
dle shape.  Grows  in  the  usual  culture  media 
at  the  room  temperature  when  oxygen  is  ex- 
cluded. The  addition  of  two  per  cent  of 
graiie  sugar  is  favorable  to  the  development 
of  this  bacillus.  In  test-tube  cultures  m  nu- 
trient gelatin,  at  22"*  C,  colonies  are  developed 
to  within  one  or  two  centinietres  of  the  sur- 
face ;  when  these  are  numerous  the  gelatin  is 
penetrated  throughout,  below  the  limit  men- 
tioned, with  numerous  glistening  threads,  and 
within  two  or  three  days  is  liquefied;  some 
gas  accumulates  beneath  the  layer  of  solid 
gelatin  above ;  later  liquefaction  extends  to  the 
surface,  and  the  liquefied  gelatin,  which  at  first 
is  clouded,  gwtdually  becomes  transparent  from 
a  deposition  of  the  suspended  bacilli.  When  only  a  few  colonies  are  developed 
the  growth  resembles  that  of  the  mycelium  of  a  fungus,  the  margin  consist- 
ing of  interlaced  filaments,  while  the  centre  shows  commencing  liquefac- 
tion ;  new  centres  of  development  are  formed  by  the  filaments  which  pene- 
trate the  gelatin,  and  this  is  soon  completely  permeated  and  at  the  same 
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Fio.  884.  —  BadllUB  radiatlus; 
joiing:  colonj  in  nutrient  gelatin. 
X  60.    (LQderits.) 
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tinie  liquefied:  a  similar  appearance  is  observed  when  gelatin  plates  are  pre- 
pared and  kept  in  an  atmosphere  of  hydrogen.  When  successive  cultures 
are  made  in  gelatin  tubes  the  bacillus  gradually  loses  its  vigor  of  growth 
and  the  colonies  have  a  different  appearance :  the  thread-like  outgvowths  are 
HO  longer  seen,  or  are  developed  to  a  slighter  extent,  and  the  spherical  or 
bci]  loon-shaped  colonies  are  lUled  with  a  clouded  liquid,  while  a  thick  sedi- 
ment is  f<»nned.  In  gelatin  stick  cultures  development  occurs  along^  the 
line  of  puncture  to  within  one  or  two  centimetres  of  the  siu-face;  at  the  end 
of  two  days  numerous  branching^  filaments  are  given  off,  which  give  the 
growth  the  appearance  of  a  hairy  caterpillar.    In  nutrient  €Mgar  stick  cul- 
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Fio.  as.  Fig.  iJL  Fie.  SS7.  no.  SB.  F».  S». 

Fig,  2Sj.  -Baonius  liqwrfaoiens  mafniGS;  «ttck  coltvre  in  natrient  frdatm.    (^L&defftx.) 
Fig.  e36L— Bao-.lhxs  ndiatos :  stick  cuttnre  in  mitrint  gdttiB.    aAdetftz.) 
FiQ.  ST.— Bacillus  sptcc«us ;  stick  Goltnre  in  avirirat  gelmUn.    iLudetitz  > 
Fig.  S3&— Bacillus Ul|Ul^facit-ns fMmv; stick cdture inpiiliiini  fHatin.    CLuderHx.) 
Fig  .  e».— Ck^^tndiom  f cei  »dum ;  culture  ki  nntitam  asar,  uwler  od.    QJbm  hi  ) 


tnirs  growth  oivurs  to  within  one  centimetre  of  tlie  surface;  it  is  branchinsr 
in  character  and  resembles  that  of  Bacilltis  liquefaciens  magnns.  bat  the 
hlamentsare  more  delicate:  later  the  principal  branches  are  thicker,  and 
tiiey  are  surrcnuided  by  a  den^^er  mass  of  fine  filaments,  among  which  some 
tliick  outgTDwihs  are"  a' so  seen.    Blood  sentm  is  rapidly  liquefied  by  this 
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bacillus.  The  gases  which  are  developed  in  cultures  containing  sugar  have 
a  disagreeable  odor  like  that  of  cheese  and  onions;  cultures  in  blood  serum 
give  off  a  putrefactive  odor.    Not  pathogenic  for  mice. 

409.  BACILLUS  SPINOSUS  (Liideritz). 

Obtained  from  garden  earth  by  inoculations  into  mice  and  guinea-pigs. 

Morphology, — Bacilli  with  round  ends,  straight  or  curved,  about  0.6  )M 
thick  and  of  various  lengths— usually  from  3  to  8  // ;  may  grow  out  into  long, 
segmented,  flexible  filaments.  Spores  are  formed  in  the  single  rods  only 
and  are  long-oval  in  form ;  they  are  located  toward  one  or  the  other  ex- 
tremity of  the  rod,  which  is  from  1  to  1.2  //  broad  at  the  point  where  they  are 
developed,  and  has  more  strongly  rounded  or  pointed  ends  than  those  not 
containing  spores. 

Biological  Characters,— -An  anaerobic,  liquefying,  motile  bacillus. 
Grows  in  the  usual  culture  media,  .with  the  addition  of  two  per  cent  of  grape 
sugar,  at  the  room  temperature,  in  the  absence  of  oxygen.  In  gelatin  tuoe 
cultures,  at  the  end  of  two  days  at  20**  C,  colonies 

are  formed  in  the  deepest  portion  of  the  gelatin  ,3  -L'  ")  tr 

to  within  3  or  3. 5  centimetres  of  the  surface ;  these        ^  >^  i^^k.  kPf^'^^L 
are  irregular  in  form  and  the  size  of  a  poppy-  or     ^     X  ; '!^;/  ■       '^   } 
h.empyseed;  they  contain  liquefied  gelatm,  and  as         '       . -i.  aa*^       -.^    *.  > 
they  increase  in  size  the  gray,  shining  contents 
are  seen  to  contain  a  radiating,  whitish  growth ; 
this  is  most  marked  in  the  deep-lying  colonies,  in 
which  the  radiating  growth  extends  to  the  non- 
liquefied  gelatin  around  the  colony;    later  the 
colonies  Income  confluent  and  the  liquefaction 
slowljr  extends  upward.     In  agar  tul^  opaque 
colonies  are  developed  which  may  attain  a  dia- 
meter of  four  millimetres;  under  the  microscope 
they  are  seen  to  be  made  up  of  numerous  inter-        no.  S^o.-BaciUus  splnosua; 
laced  filaments  which  in  old  colonies  are  only      colony  in  nutrient  agar,  one 
seen  in  the  marginal  zone ;  or  they  may  be  com-      day  old.   x  60.   (Luderitx.) 
posed  of  thick,  knottv  masses.    Blood  serum  is 

liquefied  by  this  bacillus.  Oas  is  formed  in  all  of  the  cultures,  and  in  those 
containing  sugar  it  has  an  odor  which  is  compared  to  a  mixture  of  Swiss 
cheese  ana  fermented  raspberry  juice.  Not  pathogenic  for  mice  or  guinea- 
pigs. 

410.    BACILLUS  ANAEROBICUS  LIQUEFACIENS   (Sternberg). 

Obtained  in  anaerobic  cultures  from  the  contents  of  the  intestine  of  a 
yellow-fever  cadaver. 

Morphology. — Slender  bacilli,  about  0.6/^  in  diameter  and  three  to  five 
times  as  long  as  broad;  often  in  pairs:  grows  out  into  long  filaments. 

Biological  Characters. — An  anaerobic,  liquefying,  non-motile  haciUua. 
Forms  spores.  Grows  in  the  usual  culture  media  at  the  room  temperature, 
when  oxygen  is  excluded.  In  gelatin  roll  tubes  (Esmarch's)  filled  with 
hydrogen,  granular,  white  colonies  are  developed,  around  which  the  gelatin 
is  liquefied.  In  a  long  stick  culture  in  nutrient  agar  it  grows  along  the 
line  of  puncture  nearly  to  the  surface.  Pathogenic  power  not  tested. 
60 


Digitized  by  CjOOQIC 


X. 

NOX-PATHOGENIC    SPIRILLA. 

411.  SPIRILLUM  SPUTIGENUM  (Miller). 

Found  in  the  mouths  of  healthy  individuals,  especially  along-  the  margin 
of  inflamed  gums  in  neglected  mouths— common. 

Morpliology, — Curved  rods  which  resemble  tiie  * 'commas"  of  Spirillum 
cholerae  Asiaticae ;  these  are  frequently  united  in  S-form  or  in  shoK,  spiral 
filaments — ^actively  motile. 

This  spirillum  was  supposed  bv  Lewis  to  be  identical  with  Koch^s  *'  comma 
bacillus/^  but  Miller  has  snown  that  it  differs  essentially  from  this,  inasmuch 
as  it  fails  to  grow  in  the  usual  culture  media.  He  says :  ' '  Althoug^h  I  obtained 
nearly  pure  culture  material  in  several  cases  and  used  all  possible  kinds  of 
nutrient  media,  I  did  not  succeed  in  producing  the  slightest  growth  of  this 
fungus." 

412.    SPIRILLUM  DENTIUM. 

Synonyms, — Spirochaete  denticola ;  Spirochaete  dentium. 

Found  in  the  mouths  of  healthy  individuals,  **  under  the  margins  of  the 


\     ^ 


c^^ 


Fio.  Ml.  Fio.  842.  Fio.  948. 

Fio.  841.—"  Spirochete  dentium/'    x  1,100.    CMill«rO 

Fio.  242.-'*  SpirochaBte  plicatilis  (6),  Vibrio  nisrula  (a),  and  other  bacteria."    x  «W.   (FXugge.) 

Fio.  243.— '*  Spirillum  dentium.''    x  600.    CFIOgge.) 

gums,  when  they  are  covered  with  a  dirty  deposit  and  slightlv  inflamed  " 
(Miller). 

Moi-pJiology.—Jjong,  flexible,  spiral  filaments  of  unequal  thickness  and 
irregular  spiral  windings;  from  eieht  to  twenty-flve  M  long. 

Biological  diai-act era,— Not  known,  as  all  attempts  to  cultivate  this 
spirillum  have  been  unsuccessful. 

•113.    SPIRILLUM   PLICATILE. 

^nonj^m.— Spirochaete  plicatilis. 

Found  in  swamp  water  containing  decomposing  algae. 
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Morphology. — Long,  flexible,  spiral  filaments.  The  spiral  curves  ai'e 
close  and  regular,  but  the  extremely  long  filaments  present  secondary,  wave- 
like curves  whicn  are  not  uniform.  The  ends  of  the  filaments  are  blunt. 
They  may  attain  a  length  of  one  hundred  to  two  hundred  m  ;  the  movements 
are  extremely  active. 

Biological  Characters  not  determined. 

414.  VIBRIO  EUGULA  (Muller). 

Found  in  swamp  water,  in  faeces,  and  in  tartar  from  the  teeth. 

Jlfon>^Zo^.--ICod-8hap6d  cells  from  6  to  8//  long  and  from  0.6  to  2.5  m 
thick,  slightly  bent  or  with  a  fiat  spiral  curve;  sometimes  united  in  long 
chains.  Spores  are  developed  at  one  extremity  of  the  slightly  curved  rods ; 
they  are  spherical,  and  the  end  of  the  rods  containing  them  presents  a  sphe- 
rical enla^ment,  giving  them  a  comma-like  appearance ;  terminal  flagella 
have  been  demonstrated  oy  Koch. 


Fxo.  844.— Vibrio  rugula;  a,  young  rods;  6,  thicker  rods;  c,  spore-bearing  rods,  x  1,030. 
CPraanoiTski.) 

Biological  Characters. — The  earlier  investigators  did  not  determine  the 
characters  of  growth  of  Vibrio  rugula,  but  Vignal  (1886)  has  succeeded  in 
cultivating  a  strictly  anaJercbic  microorganism,  obtained  by  him  from  the 
human  mouth,  which  he  has  described  under  the  same  name,  although  he  is 
not  entirely  satisfied  that  it  is  identical  with  Vibrio  rugula  of  Prazmowski 
and  previous  observers.  The  biological  characters,  as  determined  by  the  au- 
thor named,  are  as  follows:  An  anaerobic,  liquefying,  motile  **  vibrio.'' 
Movements  rotary  and  progressive.  Forms  terminal  spores,  which  are  rather 
pear-shaped  than  rouna.  Upon  gelatin  plates,  in  the  absence  of  oxygen,  it 
forms  spherical,  opaque,  yellowish  colonies;  about  the  third  day  the  ori- 
^nal  colony  is  surrounded  by  a  zone  of  transparent,  liauefied  gelatin.  In 
gelatin  stick  cultures,  in  an  atmosphere  of  hydrogen,  aevelopment  occurs 
along  the  line  of  puncture  within  twenty-four  houre,  and  a  small  mass  is 
formed  at  the  point  of  puncture;  at  tlie  end  of  forty-eight  hours  liquefaction 
occurs  in  funnel  form ;  the  liquefied  gelatin  is  clouded,  white,  and  opaque ; 
later  it  becomes  transparent.  In  long  stick  cultures  in  nutrient  gelatin, 
without  exclusion  of  the  air,  development  occurs  only  at  the  bottom  of  the 
line  of  puncture.  Upon  the  surface  of  agar  a  white,  slightly  wrinkled  pel- 
licle, covering  the  entire  surface,  is  formed  in  an  atmosphere  of  hydrogen. 
Development  occurs  in  neutral  or  in  acid  bouillon,  which  becomes  diffusely 
cloudea,  and  from  which  an  abundant  white  sediment  is  deposited.  Upon 
the  surface  of  blood  serum  a  white  layer  is  developed  and  liquefaction  of  the 
medium  occurs.     Upon  potato  a  wrinkled,  white  layer  is  rapidly  developed; 
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later  this  acquires  a  vellowish  tiat;  the  growth  penetrates  the  potato  to  a 
considerable  depth.  Much  gas  is  formed  in  all  of  the  cultures,  and  they 
give  off  a  strong  faecal  odor.  According  to  Prazmowski,  Vibrio  rugula 
causes  an  energetic  decomposition  of  cellulose. 

415.  SPIRILLUM  VOLUTANS  (Ehrenberg). 

Found  in  swamp  water,  etc. 

Morphology, — Spiral  filaments  with  round  and  somewhat  pointed  ends, 
from  1.5  to  2  jn  thick  and  25  to30/i  long;  each  filament  consists  of  two 
and  one-half  to  three  and  one-half — rarel  j  six  or  se^en — spiral  turns  which 
are  from  9  Uy  IS  M  long;  asingle  long,  wmp>like  flagellum  at  each  extremity ; 
the  protoplasm  contains  numerous  opaque  granules.  Exhibits  actiFe  rotary 
and  progressive  movements— sometimes  motionless. 

Biological  Characters  not  determined. 


jK.^v/\si 


^^V^ 


^     VWys 

Fi».  345.  Fro.  SM. 

Fio.  845.— Spirillum  Tolutans.    X  000.    (Oohn.) 
Via.  846.— Spirillum  wMigwiniwim.    x  600.    (Oohn.) 

41p.   SPIRILLUM  SANGUINEUM.  ^ 

^^nonj^m.  ^-Ophidomonas  san^inea. 

Found  in  brackish  water  containing  putrefymg  marine  algse. 

Morphology, — Rigid  spiral  filaments  with  round  ends,  3  /i  or  more  thick, 
and  having  two  to  two  and  one-half  spiral  turns,  each  9  to  12  /i  lon^  ;  the 
protoplasm  contains  numerous  refractive  red  granules. 

]n&847.  Fio.  948.  Fra.  MSi  , 

Fia.  847.— Spirillum  serpens,    x  66Q.    (Fl&gge.) 
Fio.  848.— Spirillum  tenue.    X  6Sa    CFl&gKe.) 
Fio.  849.-SpirmumuiidulA.    x  650.    CFiagge.) 

417.  SPIRILLUM  SERPENS  (Muller). 

Synonym, -^Yibrio  serpens. 

Found  in  stagnant  water,  vegetable  infusions,  etc. 

Morphology, — Bigid  filaments  having  two  or  three  wave-like  undulatioiis, 
from  11  to  28  m  long  and  0.8  to  1.1  u  thick;  sometimes  united  in  chains. 
Actively  motile  and  often  associated  in  closely  crowded  swarms. 

Biological  Characters  not  determined. 
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418.  SPIRILLUM  UNDULA  (Ehrenberg). 

Found  in  putrefying  animal  and  vegetable  infusions. 

Morphology. — Rigid,  spiral  filaments,  from  8  to  12  /i  long  and  from  1.1 
to  1.4  u  thick.  Each  spirsu  turn  has  a  leng^th  of  4  to  5  /i  and  each  filament 
from  one-half  to  three  turns.  A  long,  whip-like  flagellum  may  be  demon- 
strated at  each  extremity.  The  movements  are  rotary  and  rapidly  progres- 
sive^^arting. 

Biological  Characters  not  determined. 

419.  SPIRILLUM  TENUE  (Ehrenberg). 

Found  in  putrefying  vegetable  infusions,  etc. 

Morphology. — Slender  spiml  filaments,  from  4  to  15  /<  long.  The  height 
and  length  of  a  single  turn  are  from  2  to  3  //,  and  each  filament  has  from 
one  and  a  half  to  five  turns.  Often  associated  in  closely  crowded  swarms. 
Motions  rotary  and  progressive— extremely  rapid. 

Biological  Chajxtcters  not  determined. 

420.    SPIRILLUM  LINGU.E. 

Synonyms. — Vibrio  lingualis;  Zungenbela^vibrio  (Weibel). 

Obtained  from  deposit  upon  the  tongue,  by  inoculation  in  a  mouse. 

Morphology. — Curved  rods  of  the  size  of  the  cholera  spirillum ;  sometimes 
in  S-shape.  Grow  out  into  longer  or  shorter  wavy  filaments,  the  !extremi- 
ties  of  which  are  sometimes  enlarged— button-like.  Involution  forms  are 
common. 

Stains  by  Gram's  method,  and  is  diiferentiated  by  this  from  other 
' '  vibrios  "  described  by  Weibel. 

Biological  Characters.-— An  aJ^rchic  and  facultative  anaerobic,  non. 
liquefying,  non-mo^t7e  spirillum  (**  vibrio"). 

Spore  formation  not  determined.    Grows  V,^    ^  ^^^ 

at  the  room  temperature  in  the  usual  cul- 
ture media.  Upon  gelatin  plates  forms 
dirty-white  colonies,  which  at  the  end  of  a 
week  may  attain  a  diameter  of  one  milli- 
metre. Under  a  low  power  the  margin  of  ,  ,^^  v  \  r  ^  -  -^  s  x 
the  deep  colonies  is  seen  to  consist  of  fine,  ?"^»-«*  ^  \  I   *J  >^  *  \^ 

white,  interlaced  filaments,  with  iri'egular       r    ^^  </  f\  \  ., <^    "^^ 

offshoots.    The  margin  of  the  superficial 

colonies  has  a  greenish-yellow  shimmer, 

and  thread-like  offshoots  aro  given  off  in 

a  tangential  direction ;  the  contour  is  round* 

In  adatin  stick  cultures  a  delicate,  white,     Fio.  no.— SpiriUum  iinguas.  (WeibeL) 

veil-like  stripe  is  developed  along  the  line 

of  puncture,  and  no  growth  occurs  upon  the  surface.    Upon  the  surface  of 

agar  a  dirty-white,  finely  granular — ^not   slimy — layer   is  developed.     In 

bouillon  a  nocculent  deposit  collects  at  the  bottom  of  the  tube,  and  tne  liquid 

above  is  slightly  clouded.    The  fiocculi  in  bouillon  cultures  consist  of  closely 

interlaced  filaments,  and  frequently  shorter  rods  or  fragments  are  so  placed 

as  to  give  the  impression  that  they  are  bud-like  offshoots  from  the  longer 

filaments. 

Not  pathogenic  for  white  mice. 

421.    SPIRILLUM  NASALE. 

Synonyms, — Vibrio  nasalis;  Nasenschleim vibrio  (Weibel). 

Found  in  nasal  mucus. 

Morphology. — Curved  i*ods  with  rounded  ends,  about  as  thick  as  the  an- 
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thrax  bacillus,  and  two  to  five  times  as  long  as  thick;  the  amount  of  curva- 
ture varies  considerably,  from  nearly  straight  to  semicircular,  and  short  rods 
may  be  quite  straight.  In  preparations  from  agar  or  gelatin  cultures  long, 
closely  wound  spiral  filaments  are  sometimes  seen,  or  the  filaments  may  be 
wavy  or  made  up  of  curved  segments. 

Biological  Char(icter8.-—An  aerobic  and  facultative  anaercbic,  non- 
liquefying,  non-motile  spirillum.  Q-rows  slowly  at  the  room  temperature- 
better  at  ^7"  C.  Spore  formation  not  determined.  Upon  gelatin  platen,  at 
the  room  temperature,  grows  very  slowly ;  by  the  fifth  day  the  colonies  may 
have  a  diameter  of  0.3  millimetre,  and  finally  of  0.6  millimetre  at  the  out- 
side; under  a  low  power  they  are  seen  to  be  finely  granular,  and  vellowisli- 
brown  by  transmitted  light ;  they  are  SDherical  in  form,  with  sharply  defined 
margins.  In  gelatin  stick  cultures  a  delicate,  veil-like  c^rowth  is  seenalons: 
the  track  of  the  needle ;  no  growth  upon  the  surface.  Upon  the  surface  of 
agar  a  dirty-white,  slimy  layer  is  developed  at  37*^  C.  No  growth  upon  /j«*- 
tato, 

422.   SPIRILLUM  a  OP  WEIBEL. 

Synonym. — Vibrio  saprophiles  a  (Weibel). 
Found  in  putrefying  hay  infusion  and  in  slime  from  sewers. 
Morphology. — Curved  rods,  with  pointed  ends,  about  0.6  m  thick  at  the 
centre,  and  averaging  3  /« in  length ;  often  two  are  united  in  S-form — lon^r 


Fio.  251.  Fio.  ai2. 

Fio.  251.— SplriUtim  a  of  Weibel.    cWeibel.) 
Fio.  852.-Spiriiluin  fi  of  Weibel.    CWeibel.) 

chains  are  not  common ;  grow  out  into  spiral  filaments;    involution  fomiii 
common. 

Biological  Characters. — An  aerobic,  non-liquefying,  actively  motile 
spirillum.  Q-rows  rather  slowly  at  the  room  temperature.  Spore  formation 
not  determined.  Potato  cultures  give  off  a  strong  odor  of  ammonia.  Upon 
gelatin  plates  the  deep  colonies,  by  the  third  day,  are  from  0.2  to  0.3  milli- 
metre in  diameter;  later  they  may  attain  a  diameter  of  0.6  millimetre; 
under  a  low  power  they  are  seen  to  be  spherical  and  yellowish-brown  in 
color;  the  opaque  centre  is  surrounded  by  concentric  rings.  The  superficial 
colonies  are  flat  wliite  or  yellowish  discs,  irregular  in  outline,  with  a  finely 
eranular  structure ;  the  centre  is  greenish-yellow  and  opaque,  and  the  color 
fades  out  toward  the  periphery;  at  the  end  of  a  week  they  may  attain  a  dia- 
meter of  two  millimetres.  In  gelatin  stick  cultures  a  veil-like,  white  prowth 
is  seen  along  the  line  of  puncture;  later  this  has  a  dirty  yellowish-rea color ; 
upon  the  surface  a  whitish  layer  g^radually  extends  from  the  point  of  punc- 
ture, and  beyond  this  a  transparent,  whitish  film  covers  the  surface.  Upon 
the  surface  of  agar  a  cream-like,  yellowish- white  layer  is  developed,  and 
the  agar  bene^ith  is  clouded  to  a  depth  of  one  to  two  millimetres.  L  pon  t*o- 
tato,  at  the  end  of  two  days,  an  abundant  slimy  layer  is  developed:  this  has 
a  yellowish-red  to  chocolate-brown  color,  and  resembles  the  growth  of  the 
bacillus  of  glanders. 
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423.    SPIRILLUM  /?  OP  WEIBEL. 

Synonym. — Vibrio  saprophiles  fl  (Weibel). 

Found  in  putrefying  nay  infusion. 

Morphology. — SIen<fer,  curved  rods,  of  about  the  thickness  of  the  tubercle 
bacillus,  and  avera^ng 2 /u  in  length;  the  ends  are  blunt;  frequently  two 
elements  are  united  in  S-form,  but  long  filaments  do  not  occur;  involution 
forms  common. 

Biological  Characters. — An  aerobic,  non-liquefying ^  actively  motile 
spirillum  (** vibrio*').  Spore  formation  not  determined.  Grows  rather 
slowly  at  the  room  temperature.  Upon  gelatin  plates  the  colonies  never  ex- 
ceed 0.3  millimetre  in  diameter;  they  are  spherical,  and  by  transmitted 
light  have  a  yellowish-brown  color.  In  gelatin  stick  cultures  the  growth  is 
similar  to  that  of  the  preceding  species — Spirillum  a.  In  a^/ar  stick  cul- 
tares  no  growth  occurs  along  the  line  of  puncture;  on  the  surface  a  cream- 
like, yellowish-white,  viscid  layer  is  formed,  which  cannot  be  raised  with- 
out bringing  away  some  of  the  culture  medium.     Upon  potato  a  thin. 


Fio.  253.  »'«o-  264. 

Fio.  268. -Spirillum  y  of  Weibel.    CWeibel.) 
Fia.  254.— Spirillum  aureum.    (Weibel.) 

shining,  varnish-like  layer  of  a  dirty  brownish-green  color  and  a  viscid, 
dry  consistence,  which  is  with  difficulty  removed  by  the  platinum  needle. 

424.   SPIRILLUM  y  OP  WEIBEL. 

Synonym.'-'Vihrio  saprophiles  r  (Weibel). 

Found  in  the  slime  deposited  in  sewers. 

Jlforp/ioZogi^.— Curved  rods  with  round  ends,  one-half  larger  than  Vib- 
rio saprophiles  a  "  of  Weibel;  S-shaped  forms  are  seen,  but  spiral  filaments 
are  rare;  involution  forms  very  common  in  old  cultures. 

Biological  Characters.— An  aerobic,  non4iquefying.  actively  mottle  spi- 
rillum (*  *  vibrio  ") .  Spore  formation  not  determined.  Grows  rather  quickly 
at  the  room  temperature.  Upon  gelatin  plates  the  deep  colonies  are  white, 
and  at  the  end  of  a  week  about  0.5  millimetre  in  diameter;  under  a  low 
power  they  are  seen  to  be  spherical,  granular,  and  orange- colored  at  tlie  cen- 
tre, with  a  sharply  defined,  pale-yellow  marginal  zone.  The  superficial  colo- 
nies are  flat,  dirty-white,  slightly  opalescent,  with  a  more  promment  white 
centre;  under  a  low  power  the  margin  is  irregular  and  notched,  the  mar- 
ginal zone  white  and  marked  by  numerous  fine,  anastomosing  furrows, 
next  to  this  a  light  ochre-yellow  zone  marked  by  darker  Imes,  and  at  the 
centre  a  golden-brown  nucleus  marked  by  delicate,  dark,  interlacing  lines; 
at  the  end  of  a  week  the  superficial  colonies  may  attam  a  diameter  of  live 
millimetres.     In  gelatin  sticle  cultures  development  occurs  along  the  Ime  of 
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puncture  and  to  a  moderate  extent  upon  the  surface.  In  ugar  stick  euUures 
no  growth  occurs  along  the  track  of  the  inoculating  needle;  on  the  surface 
a  mrty-white,  pap-like  layer  is  developed.  Upon  potato  the  growth  is 
sometimes  dry,  viscid,  and  dark-brown  in  color,  or  it  may  be  of  a  mahogany- 
brown  with  a  moist  lustre. 

425.    SPIRILLUM  AUREUM. 

Synonym, — ^Vibrio  aureus  (Weibel). 

Found  in  the  air  and  in  the  slimy  deposit  in  sewers. 

Jdorphology. — Curved  rods  with  blunt  ends,  about  one-half  thicker  than 
the  Spirillum  cholerse  Asiaticae,  and  varying  greatly  in  len£:th;  typical 
'* commas"  and  S-forms  are  seen;  also  filaments  of  various  len^hs  and 
sometimes  regular  spiral  filaments  which  are  extremely  slender;  tuao  invo- 
lution forms. 

Biological  Characters, — An  aerobic ^  non-liquefying^  non-motile^  diro- 
mo^enic  spirillum.  Produces  a  golden  or  orange-yellow  pigment.  Spore 
formation  not  determined.  Grows  rather  rai>idly  at  the  room  temperature 
— also  in  the  incubating  oven.  Upon  gelatin  plates  the  deep  colonies,  at 
the  end  of  three  days,  luive  a  diameter  of  0.3  millimetre  (in  ten  days  of  one 
millimetre);  under  a  low  power  they  are  seen  to  be  coarsely  granular, 
spherical  or  whetstone-shaped,  golden-yellow  in  the  centre  and  later  brown 
or  black,  with  more  transparent,  eolden-yellow  margins.  The  superficial 
colonies  are  round,  with  well-defined  margins,  granular,  and  of  a  pure 
golden-yellow  color;  at  the  end  of  ^ree  days  they  have  a  diameter  of  one 
millimetre  and  in  ten  days  of  three  to  four  nullimetres.  In  gelatin  stick  cul- 
tures a  tolerably  abundant,  finely  granular  growth  is  seen  along  the  line  of 
puncture:  upon  the  surface  a  rounded  mass  of  a  yellow-ochre  color  is  de- 
veloped aoout  the  point  of  puncture.  Upon  the  surface  of  agar  a  dirty- 
white  layer  extends  over  the  entire  surface;  later  round,  eievEU^ed,  golden- 
yellow  islands  are  seen,  and  finally  a  uniform  pap-like  layer  two  millimetres 
thick.  Upon  potato  an  abundant,  thick,  pap-like  growth  of  a  golden- 
yellow  or  orange-yellow  color. 

426.   SPIRILLUM  FLAVBSCENS. 

Synonym, — ^Vibrio  flavescens  (Weibel). 
Found  in  the  slimy  deposit  of  sewers. 
Morphology.— -The  same  as  Spirillum  aureum. 
3iotogic(u 


Biological  Characters. — An  aerobic^  non-liquefying^  non-moHle^  chro- 
mogenic  spirillum.  Produces  a  dirty  yellowish-green  pigment.  Grows 
rather  rapidly  at  the  room  temperature.  Upon  gelatin  plates  the  colonies 
resemble  those  of  Spirillum  aureum,  except  that  the  yellow  color  is  developed 
later  and  the  shade  is  paler,  duller,  and  less  pure— upon  a  transparent  back- 
fi^round  a  dirty  yellowish-green.  In  gelatin  stick  cultures  a  finely  granu- 
lar line  of  growth  is  seen  luong  the  track  of  the  needle,  and  along  the  mar- 
gin of  this  in  old  cultures  are  coarser  granular  masses;  upon  the  surface  a 
pale-yellow,  fiat  layer  with  fiap-like  margins  slowly  extends  from  the  point 
of  puncture.  Upon  agar  a  dirty-white  color  is  developed,  which  gradually 
extends  to  the  walls  of  the  test  tube:  elevated,  round,  yellow  masses  are  de- 
veloped in  this,  which  increase  in  diameter,  become  confluent,  and  finallv 
form  a  thick  and  uniform  pap-like  layer.  Upon  potato  an  abundant  dull- 
yellow,  pap-like  layer. 

427.   SPIRILLUM  PLAVUM. 

Synonym.— Yihrio  fiavus  (Weibel). 
Found  in  the  slimy  deposit  in  sewers. 
Morphology. — The  same  as  Spirillum  aureum. 
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Biological  Characters. — The  same  as  Spirillum  aureum,  but  the  pigment 
produced  is  ochre>yellow.  Upon  a  dark  background  the  colonies  appear 
erayish-yellow,  on  a  white  eround  straw-yellow ;  under  a  low  power  the 
deep  colonies  are  first  pale-yellow  then  golden-yellow,  and  of  the  same  tint 
throughout^  without  being  darker  in  the  centre;  they  are  finely  granular, 
with  a  net-like  marking.  The  superficial  colonies  under  the  microscope  are 
pale-yellow  with  dull-gray  spots;  on  the  margin  the  color  usually  remains 
white;  upon  the  surface  of  agar  an  ochre-yellow  layer;  the  same  on  potato. 

428.  SPIRILLUM  CONCENTRICUM  (Kitasato). 

Found  in  putrefying  blood. 

Morphology. — Short  spirilla  with  pointed  ends,  with  two  to  three  spiral 
turns  which  are  3.5  to  4//  in  length  and  2  to  2.5 /<  in  diameter — i.e.,  each 
complete  spiral;  the  filaments  are  a  little  thicker  than  the  cholera  spirillum; 
in  bouillon  theygrow  out  into  long  spirals  having  from  five  to  twenty  turns. 

Biological  Characters, — An  aerobic,  non-ltquefying,  actively  motile 
spirillum.  Grows  best  at  a  temperature  of  20°  to  23  C.  Spore  formation 
not  observed.  Upon  gelatin  plates  the  colonies,  by  transmitted  light,  are 
8een«to  be  made  up  of  concentric  rings,  which  from  the  centre  to  the  peri- 
phery are  alternately  opaque  and  transparent;  the  contour  is  round,  and 
from  the  margin  numerous  small,  spiral  outgrowths  are  given  off.  In  gela- 
tin stick  cultures  development  occurs  principally  upon  the  surface  as  a 
cloudy  layer  penetrating  the  medium  to  a  depth  of  one  millimetre.  Upon 
the  surface  of  agar  a  diffuse  growth  which  adheres  firmly  to  the  cultiu^ 
medium.  Upon  potato  no  growth  occurs.  In  bouillon  a  diffuse  cloudiness 
is  slowly  developed;  later  the  medium  becomes  clear  and  an  abundant, 
slimy  deposit  is  seen  at  the  bottom  of  the  tube. 

429.  SPIRILLUM  RUBRUM  (Von  Esmarch). 

Obtained  from  the  putrefying  cadaver  of  a  mouse. 

*ilforp^oZo^2^.— Spirilla  about  twice  as  thick  as  the  cholera  spirillum  and 
having  from  one  to  three  spiral  turns ;  in  bouillon  grows  out  into  very  long, 
spiral  filaments. 

Biological  Characters.^Axi  aerobic  &nd  .facultative  anaerobic,  non- 
li^usfying^  actively  motile,  chromogenic  spirillum.  Produces  a  wine-red 
pigment  in  the  absence  of  oxygen  only ;  on  the  surface  of  culture  media  the 
growth  is  colorless.  According  to  Lioifier,  this  spirillum  has  numerous  short 
flagella.  In  old  cultures  unstained,  slightly  refractive  bodies  are  seen  in 
the  filaments,  which  appear  to  be  spores.  Grows  very  slowljr — best  at  87'  C. 
Upon  gelatin  plates  small,  slightly  granular  colonies  with  a  tolerably 
smooth  contour  are  developed  at  the  room  temperature ;  these  are  at  first 
gray  and  bluish-red,  later  wme-red  in  color.  In  gelatin  stick  cultures  closely 
crowded,  isolated,  spherical  colonies  are  developed  along  the  line  of  punc- 
ture ;  the  growth,  except  upon  and  near  the  surface,  has  from  the  outset  a 
beautiful  wine-red  color.  Upon  the  surface  of  agar  a  grayish-white  layer 
of  limited  extent  is  developed ;  later  this  has  a  pink  color.  Upon  potato 
deep-red  colonies  the  size  of  a  hempseed  are  developed. 

i30.   SPIRILLUM  OP  SMITH. 

Found  in  the  intestine  of  swine. 

Morphology. — Comma-shaped  rods  and  spiral  filaments  of  one  and  a  half 
to  two  or  even  as  many  as  ten  spiral  turns ;  nave  terminal  flagella. 

Biological  Characters, — An  aerobic,  non-liquefying,  motile  spirillum. 
Grows  at  the  room  temperature.  Upon  gelatin  plates,  at  the  end  of  thirty- 
six  to  fonb^-eight  hours,  small,  spherical,  finely  granular  colonies  are  de- 
veloped, which  have  a  brownish  color;  and  upon  the  surface  small,  round 
colonies  with  a  somewhat  irregular  contour.    In  roll  tubes,  when  the  colo- 
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nies  are  not  crowded,  they  may  have  a  diameter  of  0.3  to  0.5  millimetxe, 
and  at  the  end  of  several  days  appear  to  be  made  up  of  concentric  zones;  at 
the  end  of  several  weeks  they  have  the  appearance  of  the  end  of  a  tree  trunk 
which  has  been  sawed  off  and  shows  many  concentric  rings  of  growth, 
which  are  not  very  clearly  defined.  Under  certain  circumstances  outgrowths 
occur  around  some  of  the  deep  colonies,  which  give  them  the  appearance  of 
a  raspberry.  The  superficial  colonies  may  attain  a  diameter  of  three  to  five 
milhmetres ;  they  remain  flat  and  circular  in  outline  and  ao^uire  a  slight 
yellowish  color.  Upon  agar  plates  the  deep  colonies  have  a  diameter  of  0.5 
to  0.7  millimetre;  those  upon  the  surface  are  flat,  round  discs  of  a  nay  color 
and  smooth  appearance ;  they  may  attain  a  diameter  of  ^ve  millimetres. 
In  neutral  bouillon  containing  one>fourth  to  one  per  cent  of  peptone,  at 
36^  C,  development  is  abundant,  and  the  culture  liquid  in  a  few  davs  is 
densely  clouded ;  examined  in  a  hanging-drop  culture,  they  appear  a  little 
larger  than  the  spirillum  of  cholera  and  exnibit  very  active  movements. 
They  grow  in  milh  without  producing  any  perceptible  change  in  this  fluid. 
The  cultures  acquire  a  slightly  alkaline  reaction.  Upon  potato ^  at  37°  C,  a 
thin,  yellow  layer  is  developed  in  the  course  of  a  few  days. 
Not  pathogenic  for  g^nea-pigs  or  pigeons. 

431.    SFIRILLCM  OF  MILLfiB. 

Synonym. — Miller's  bacillus. 

Obtained  by  Miller  (1884)  from  carious  teeth. 

Morphology, — Straight  or  slightly  curved  rods,  frequently  in  pairs  in 
form  of  a  letter  S  or  of  an  O  ;  also  in  homogeneous  or  segmental  spiral 
filaments. 

Biological  Characters. — An  aSrobic  Bnd  facultative  a^uvtrdbic^  liquefy- 
ing^  motile  spirillum.  Spore  formation  not  observed.  Grows  at  the  room 
temperature  m  the  u»ual  culture  media.  No  growth  upon  the  surface  of 
gelatin  cultures,  which  are  liquefied.  Upon  agar  the  growth  is  similar  to 
that  of  the  snirillum  of  Finkler  and  Prior.  Growth  upon  potato  not  charac- 
teristic. 
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ZoPF  and  other  systematic  botanists  place  among  the  bacteria  cer- 
tain microorganisms  which  are  more  interesting  to  the  student  of 
general  biology  than  to  the  pathologist,  but  which  require  description 
in  a  manual  of  bacteriology.  In  our  descriptions  of  the  species  in- 
cluded by  Zopf  in  the  Leptotrichese  and  Cladotrichese  we  shall  follow 
the  author  named.  Four  genera  are  included  in  the  Leptotrichb^, 
viz.:  Crenothrix,  Beggiatoa,  Phragmidiothrix,  and  Leptothrix. 
The  CuLDOTRiGHEJS  are  included  in  a  single  genus  :  Cladothrix. 

432.  CRBNOTHRIX  KXJHNIANA  (Rabenhorst). 

Synonym. — Brunnenfaden. 

very  common  in  running  or  in  stagrnant  water.  It  sometimes  develo})s 
so  abundantly  in  reservoirs  and  conduits  of  water  that  the  water  supply  is 
unfit  for  drinking  or  for  certain  industrial  purposes. 

Morphology. — In  different  stages  of  develonment  appears  as  cocci,  short 
rods,  and  long  filaments.  The  cocci  are  small  spheres  of  from  1  to  6  /<  in 
diameter ;  the  cell  wall  of  these  becomes  gelatinous  and  they  multiply  by 
binary  division,  the  gelatinous  capsule  of  the  daughter  cell  remaining  en- 
closed in  that  of  the  mother  cell ;  later  they  are  set  free  by  the  solution  of 
this  gelatinous  envelope;  the  zoogloea  formed  by  these  cocci  are  irregular  in 
form  and  may  attain  a  diameter  of  one  centimetre  or  more.  These  zoogloea 
sometimes  accumulate  in  enormous  masses  in  reservoirs  of  water;  at  first 
they  are  colorless,  but  later  they  are  colored  by  hydrated  oxide  of  iron  and 
appear  brick-red,  oHve  green,  dark-brown,  or  brownish-black.  When  culti- 
vated in  swamp  water  these  cocci  grow  out  into  rods,  which  by  binary  divi- 
sion produce  filaments;  these  are  seen  projecting  in  all  directions  from  the 
zo<^ioea  masses.  When  these  reach  a  certain  age  they  become  segmented, 
and  the  segments,  enclosed  in  a  common  sheath,  accjuire  a  rusty-red  or 
dark-brown  color  from  beine  impregnated  with  oxide  of  iron;  the  rod-shaped 
segments  break  up  into  spherical  bodies  which  are  comparatively  large 
C'macrococci^')  ;  some  broad  filaments,  however,  contain  disc-hke  seg- 
ments, which  break  up  into  smaller  cocci.  The  rod-shaped  and  spherical 
segments  escape  from  the  ruptured  extremity  of  the  common  sheath.  Some- 
times the  sheath  becomes  prematurely  gelatinous,  and  the  cocci  and  rods 
remain  in  situ  and  germinate ;  in  this  case  they  break  through  the  gelati- 
nous walls,  and  the  original  filament  is  seen  to  be  surrounded  by  a  brush- 
like  outgrowth  of  filaments.  In  these  secondary  filaments,  as  well  as  in  the 
primary,  there  is  a  distinct  differentiation  of  the  two  extremities,  growth 
occurring  at  the  free  extremity  and  not  at  the  base.  The  filaments  are  some- 
times wavy  or  even  spiral  in  form. 

Biological  Characters  not  well  determined,  owing  to  the  difficulty  of  oul:* 
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tivating  this  microorganism  in  artificial  media.    It  is  aerobic.     Genuine 
spore  formation  has  not  been  demonstrated. 

The  Beggiatoa  are  distinguished  by  the  presence  of  grains  of  sulphur  in 
the  vegetative  cells;  these  are  seen  as  highly  refractive  granules  with  a 
dark  contour.  They  are  widely  distributed,  and  are  found  both  in  salt  and 
fresh  water  containing  decomposing  animal  or  vegetable  material ;  in  sul- 
phurous waters  they  are  especially  abundant,  and  accumulate  upon  tlie 
muddy  bottom,  or  upon  organic  substances  undergoing  decomposition,  as  a 
milk-white,  gray,  pmk,  or  purple  layer;  the  bottom  of  ponds  or  of  small 
bays  is  often  colored  red  by  an  extended  and  abundant  growth  of  these  wa- 
ter bacteria.     Meyer  has  shown  that  they  are  able  to  decompose  sulphate  of 


Fia.  2IMS. 


Fig.  SSO. 


Fio.  256.— Crenothrlz  K&hniana;  a^,  cocci  in  yarious  stages  of  diTision;  /,  zoogkea  of  cocci 
CX  400);  g,  zoogloeaof  various  forms  (luitural  size);  A,  colony  of  short  filaments,  composed  of 
rod-shaped  cells,  and  developed  from  a  group  of  coed;  i-r^  filamentous  forms,  parti j  spiraUj  bent 
and  of  different  thicknesses.    CZopf  0 

Fig.  256.— Beggiatoa  alba  (x  ^OCD;  a  and  6,  filaments  having  an  evident  difference  between 
base  and  extremity,  being  segmented  and  free  from  sulphur  grains  below;  2-^,  fragmeots  of 
filaments  of  various  thicknesses  and  containing  a  greater  or  less  number  of  sulphur  grains;  6-^. 
filaments  stained  with  methyl  violet,  showing  segmentation  into  rods  and  oood-like  elements;  9, 
cocci;  10,  development  of  a  rod,  c,  from  a  coccus,  a  CX  600).    (Zopf.) 

soda  in  organic  solutions  suitable  for  their  growth.  Like  the  previously  de- 
scribed genus  (Grenothrix),  spherical,  rod-shaped,  filamentous,  and  spiral 
forms  are  included  in  the  life  history  of  the  species.  The  filaments  show  a 
differentiation  as  to  base  and  free,  growing  extremity,  but,  unlike  the  Creno- 
thnx,  the  segments  into  which  the  filaments  divide  are  not  included  in  an 
external  sheath.    The  filaments  are  flexible  and  exhibit  a  gliding  movement ; 
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)  muliiplv  abundc 
temperature  of  55**  C.  and  above. 


they  are  able  to  multiply  abundantly  in  thermal  sulphur  waters  having  a 
•  ""^  '"      ad  a' 


433.   BEGGIATOA  ALBA  (Vauch.). 

This  is  an  extremely  common  and  widely  distributed  species ;  found  es- 
X)ecially  in  thermal  waters  and  in  the  refuse  waters  from  sugar  retinerieB 
and  factories  of  different  kinds. 

Morphology, — ^The  Blameuts  differ  greatly  in  diameter  as  well  as  in  length 
— from  1  to  6  A<  in  diameter;  the  young  and  slender  filaments  often  contain 
but  few  grains  of  sulphur  or  none  at  all ;  the  older  filaments  usually  con- 
tain a  considerable  number  of  fine  or  coarser  granules  of  sulphur.  The 
filaments,  which  are  attached  to  some  substance,  are  usually  seen  to  be  seg- 
mented, even  without  the  use  of  reagents,  at  least  near  the  base  where  the 
grains  of  sulphur  are  less  numerous  or  absent ;  the  free  ends,  containing 
numerous  grains  of  sulphur,  may  not  appear  to  be  segmented,  but  wlien 
they  are  stained  with  one  of  the  aniline  colors,  or  treated  with  hot  glycerin, 
segmentation  becomes  apparent.  In  the  thicker  threads  the  segments  divide 
into  thin  discs,  and  these  again,  under  certain  circumstances,  divide,  in  a  di- 
rection parallel  with  the  long  axis  of  the  filament,  into  quadrants,  each  of 
which  later  becomes  a  spherical  or  ellipsoidal  coccus;  these  usually  contain 
one  or  several  large  grains  of  sulphur.  These  cocci  remain  attached  for  a 
time,  then  under  mvorable  conditions  become  separated  and  enter  upon  the 
''  swarm  stage  "  of  their  existence,  during  which  they  are  endowed  with  ac- 
tive movements.  They  come  to  rest  upon  some  filament  of  an  alga  or  other 
substance,  which  may  be  completely  covered,  and  has  a  dark  color  as  a  re- 
sult of  their  presence.  They  multiply  by  binary  division  and  form  zoogloea 
masses  of  irregular  form.  Under  certain  circumstances  they  form  straight 
or  curved  rods,  which  may  also  exhibit  active  movements.  When  these 
cometoi*est  they  ff  row  out  into  long  filaments,  which  maybe  straight  or 
spirally  curved.  Fragments  of  the  spiral  filaments  may,  under  certain  cir- 
cumstances, become  actively  motile  and  resemble  genuine  spirilla;  their 
movements  are  due  to  the  presence  of  terminal  fiagella.  Tne  diameter, 
length,  and  the  height  of  the  spiral  turns  vary  ^^reatly.  The  straight  fila- 
ments also  show  a  decided  tendency  to  break  up  into  longer  or  shorter  frag- 
ments, but  these  do  not  exhibit  active  motions;  they,  in  common  with  the 
fragments  of  spiral  filaments,  are,  however,  flexible  and  exhibit  '*  crawling  " 
motions. 

434.   BEGGIATOA  ROSEO-PERSICINA  (Zopf). 

Synonyms. — Clathrocystis  roseo-persicina  (Cohn);  Ophidomonas  san- 
guinea  (Ehrenberg) ;  Bacterium  rubescens  (Lankester). 

Found  upon  the  surface  of  putrefying  animal  or  vegetable  material  in 
fresh  or  salt  water. 

Morphology, — ^Presents  the  same  developmental  forms  as  Beggiatoa  alba, 
viz..  cocci,  rods,  filaments,  and  spiral  threads.  The  filaments  correspond 
with  those  of  Beggiatoa  alba,  but  are  distinguished  by  their  red  or  violet 
color.  The  cocci,  formed  in  the  filaments,  when  set  free  undei^  binary 
division  and  form  characteristic  zoogloea  of  very  various  forms;  these  were 
formerly  described  by  Cohn  under  the  name  of  Clathrocystis  roseo-persi- 
cina. These  zodgloea  may  be  spherical,  oval,  irregularly  l>ranched,  etc. ;  at 
one  time  they  may  contain  but  a  little,  and  at  another  considerable  gela- 
tinous intercellular  material.  Rods  are  developed  from  the  cocci  under  cer- 
tain circumstances,  which  may  be  straight  or  curved.  In  suitable  media 
both  the  cocci  and  the  rods,  after  the  intercellular  substance  is  dissolved, 
may  become  actively  motile — *  *  swarm  stage. "  The  short  rods  grow  out  into 
filaments,  and  these  may,  under  certain  circumstances,  become  spiral  in 
form,  either  partially  or  entirely ;  the  spiral  filaments  may  break  up  into 
jnotile  fragments  wmch  correspond  with  Ophidomonas  sanguinea  of  Ehren- 
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berg  (Spirillum  sanguineum,  No.  416).  The  red  pigment  produced  by  this 
species  is  known  as  bacterio-purpurin.  It  is  insoluble  in  water,  alcohoK 
chloroform,  ammonia,  or  acetic  acid,  and  is  changed  by  hot  alcohol  into  a 
brown,  and  by  chloroform  into  an  orange-brown,  substance. 

435.   BEGGIATOA  MIRABILI3  (Cohn). 

Found  in  sea  water,  upon  the  surface  of  putrefying  animal  and  vegetable 
substances,  as  a  white  layer;  common  upon  the  coasts  of  Denmark  and  Nor- 
way (Warming). 

Morphology. — ^This  species  is  distingfuished  by  the  considerable  thickness 
of  the  nlaments,  which  may  be  as  much  as  30  ^ ;  these  undei^o  s^menta- 
tion  into  cylindrical  masses,  which  again  break  up  into  thin  discs,  and  these 
are  supposed  to  divide  into  cocci-like  elements  sucn  as  Zopf  has  described  in 
the  other  species  of  this  genus.  The  complete  life  history  of  this  species  has 
not  been  determined.  Liike  the  other  species  describea,  the  cells  contain 
granules  of  sulphur. 

436.   PHRAGMIDIOTHRIX  MULTISEPTATA  (Engler). 

Found  in  sea  water,  attached  to  crabs 

Morphology. — Filaments  from  3  to  6  /<  in  diameter,  made  up  of  thin  disc- 
like  segments,  the  diameter  of  which  is  four  to  six  times  less  than  tlie  thick- 
ness; these  cylindrical  segments  undergo  segmentation  into  halves  and 
quadrants,  and  finally  into  still  smaller  fragments  which  become  rounded 
and  resemble  cocci ;  these  probably  are  set  free,  but  this  has  not  been  ob- 
served; apparently  they  grow  out  first  into  very  thin  filaments  which  subse- 
Quently  increase  in  diameter.  The  genus  to  which  this  species  belongs  is 
aistinguished  from  Beggiatoaby  the  absence  of  sulphur  grains,  and  frum 
Crenothrix  by  the  fact  tnat  the  segments  are  not  enveloped  in  an  exterior 
sheath,  as  well  as  by  the  comparative  thinness  of  the  cylindrical  segmeut^i. 

Leptothrix  BUCCAlis. — According  to  Zopf,  the  leptothrix  so  common  in 
the  human  mouth  presents  the  same  variety  of  forms  as  has  been  ascribed 
to  the  Beggiatoa  ana  Crenothrix.  We  cannot  accept  this  as  established,  and 
have  described  Leptothrix  buccalis  among  the  bacilli  (No.  395).  Vignal 
claims  to  have  cultivated  this  species,  but,  in  view  of  the  failure  of  Miller  and 
others  to  obtain  it  in  cultures,  it  appears  doubtful  whether  the  microorganism 
described  by  him  under  this  name  corresponds  with  the  Leptothrix  buccalis 
of  Robin  (see  page  683). 

437.   CLADOTHRIX  DICHOTOMA  (CJohn). 

Found  in  stagnant  and  running  water— yery  common.  It  is  frequently 
associated  with  Beggiatoa  and  is  common  in  tne  refuse  water  of  factories, 
especially  of  sugar  factories.  In  Russia  it  is  often  found  in  abundance  in  the 
water  supply  of  towns.  It  may  readily  be  obtained  from  the  surface  of  pu- 
trefying algaB  or  animal  substances  immersed  in  river  or  swamp  water. 

Aforp/iologrj^.— According  to  Zopf,  the  cocci-like  reproductive  elements 
grow  out  into  rods,  and  thase  into  nne  filaments,  from  which  later  pseudo- 
branches  are  given  off.  This  apparent  branching  of  the  filaments  is  the  dis- 
tinguishing generic  character  of  Cladothrix.  Under  a  sufficiently  high 
power  the  branched  appearance  is  seen  not  to  be  a  true  dichotomous  ramifica- 
tion, but  to  rasult  from  the  growing  out  in  a  lateral  direction  of  a  detached 
segment.  Thase  long  filaments  break  up  again  into  long  rods,  these  into 
shorter  rods,  and  finally  into  cocci.  The  siieath  of  the  filaments  is  often  col- 
ored yellow,  rusty-red,  olive-green,  or  dark-brown  by  oxide  of  iron.  The 
segments  are  forced  from  the  free  extremity  of  the  common  slieath  by  the 
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gp!«wtli  and  binary  division  of  those  lying  deeper,  or  by  their  own  motility 
— ** swarm  stage";  they  may  emerge  from  the  sheath  either  solitary  or  in 
chains  of  several  elements.  Sometimes  the  cocci-like  forms  germinate 
within  the  common  sheath  and  grow  out  through  its  walls  into  nlaments. 
Fragments  of  the  filaments  are  sometimes  seen  to  exhibit  peculiar  gliding 
movements;  again  they  may  exhibit  very  active  movements  as  a  result  of 
the  development  of  terminal  flagella.  The  filaments  are  sometimes  straight 
and  sometimes  twisted  in  spiral  form,  the  spiral  turns  being  sometimes  quite 
flat  and  at  others  well-developed  corkscrew-like  convolutions.  When  the 
spiral  filaments  break  up  into  motile  fragments  provided  with  flagella  they 


Fio.  857.— OUdothrix  dlchotoma;  A,  branching  plant  with  wavy  (a)  or  spiral  (6)  filaments;  B, 
spiral  filament  more  hl^hlj  magnified;  C,  long  spirochnte-llke  filament;  D,  fragment  with  one 
extremity  spiral;  E,  spiral  filaments  segmenting  into  rods  00  and  cocci  (c);  F,  spirochsBte  form, 
o  undivided,  b  dividing  into  long  rods,  c  into  short  rods,  d  into  cocci-like  elements.    (Zopf.; 

resemble  genuine  spirilla.     According  to  Zopf,  the  so-called  zoogloea  rami- 
gera  is  one  form  of  development  of  Cladothrix  dichotoma. 
Biological  Characters  not  determined. 

438.    CLADOTHRIX  FOERSTERI. 

5ynony wi.—Streptothrix  Foersteri  (Cohn). 

Found  by  Q-rafe  m  the  lachrymal  ducts  of  the  human  eye. 

Morphology, — Forms  cocci-like  masses,  rods,  and  leptothrix  filaments, 
which  may  be  spirally  curved.  According  to  Zopf,  this  species  closely  re- 
sembles Cladothrix  dichotoma. 

Biological  Characters  not  determined. 
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439.   CLABOTHKIX  IXTRICATA  (RuSSell). 

OiiUiiied  by  BnaBcll  (1891)  from  mud  at  the  bottom  of  the  Gulf  of  Na- 
ples. 

Jforp4olo9y. — Differs  conaderabiT.  aooordiog-  to  the  age  of  the  culture 
and  the  caltoie  mcdimn.  In  gelatin  it  forms  long  filaments  made  up  of  long 
and  sloider  cells  haTing*  homogeneous  contents.  In  potato  cultures  the  cells 
ai«  shorter  and  with  loanded  ends;  these  elements  divide  into  sevonl  short 
and  thick  separate  cells,  and  many  of  these  finally  contain  a  slender,  oblong 
spore.  Hie  tilamenis  in  agar  and  potato  cultures  may  present  the  appear- 
ance charactertslic  of  the  genus  dadothrixY  viz.,  a  false  branching. 

Stains  with  the  usual  aniline  colors. 

Biologicai  Characters. — An  aerobic,  liquefying^  lightly  motile  clado- 
thrix.  Forms  long-oval  spore&  Grows  in  the  usual  cul  ture  media  at  the  room 
temp»ature.  Up«Mi  geiatin  plates  colonies  are  developed  in  from  twentv- 
four  to  thirty-six  hours:  these  resemble*  to  the  naked  eye,  colonies  of  mould 
fun^i :  ondeir  a  low  power  the  interior  of  the  colony  is  seen  to  be  made  up 
oi  a  thick  network  of  filaments,  from  which  a  quantity  of  curled  and  inter- 
twined filaments  extend  in  all  directions.  The  outside  filaments  are  oftm 
tolerably  sirai^ht^  but  they  soon  become  more  or  less  spiral  and  intertwined, 
or  are  united  mto  interwoven,  braid-like  masses  which  extend  in  various 
directions  from  the  principal  colony.  Liquefaction  of  the  gelatin  quickly 
occurs,  and  the  filaments  form  in*  the  liquefied  gelatin  a  felt-like  mass. 
When  a  cover  glass  b  placed  over  a  young  colony  and  a  microscopical  ex- 
.uuination  is  made  with  a  tolembly  high  power,  the  straight  filaments  at  the 
mar^n  of  the  colony  are  seen  to  present  pseudo-branches.  In  gelatin  stick 
citlC'inrs  development  is  rapid:  at  the  end  of  twenty-four  hours  the  line  of 
iniicuUtion  is  niarked  by  finely  curled  filaments,  which  extend  horizontally 
into  the  gelatin  in  all  directions,  the  growth  being  most  abundant  near  the 
surface^  The  gelatin  near  the  surface  is  soon  liquefied,  and  the  liquefaction 
grailuaUy  extends  downward.  Upon  ffotato  an  irregular,  dull-white  mass  is 
quickly  'developed  which  is  not  especially  characteristic;  this  ceases  to  ex- 
tend after  three  days.  Upon  agar  a  tolerablv  abundant  but  thin,  dull  white 
layer  b  developed.' and  fine  filaments  extend  from  this  into  the  culture  me- 
dium, giving  the  culture  a  characteristic  appearance.  An  abundant  devel- 
opment occurs  in  bouillon  and  a  jellv-like  mass  accumulates  at  the  bottom 
of  the  tube;  this  is  readUy  broken  up\>y  fthitlHtt|r  the  tube. 
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440.  NITROMONA&  OF  WINOGRADSKY. 

Obtained  from  the  soil  at  Zurich  by  Winogradsky  (1890),  who  saj^s:  **  In 
speaking  of  a  nitrifying  ferment  I  do  not  wish  to  athrm  that  there  is  but  a 
single  species  capable  of  exercising  this  function  over  the  whole  surface  of 
the  globe.  That  appears  to  me  not  at  all  probable.  .  .  .  But  it  is  probable 
that  there  are  but  few.  At  Zurich,  for  example,  up  to  the  present  time  I 
have  found  but  a  single  one.'' 

Morphology, — Elupsoidal  cells,  more  or  less  elongated,  the  youngest 
cells  often  nearly  spherical;  0.9  to  1  /<  broad  and  from  1.1  to  1.8  /<  long;  the 
longer  cells  already  show  the  central  constriction  which  precedes  binary  di- 
vision; sometimes  among  the  oval  cells  spindle-shaped  cells  are  seen,  and  oc- 
casionally this  is  the  prevailing  form.  As  a  rule,  tne  cells  do  not  remain  as- 
sociated after  binary  division  has  occurred,  but  occasionally  a  chain  of  three 
or  four  elements  is  seen.  Irregular  masses  are  formed  in  cultures,  which  are 
held  together  loosely  bv  a  gelatinous  material. 

Bioloqical  Characters. — Does  not  grow  in  the  usual  culture  media,  but 
was  cultivated  by  Winogradsky  in  a  solution  containing  one  gramme  of 
l>ota8sium  phosphate  and  one  gramme  of  ammonium  sulphate  in  one  thousand 
grammes  of  pure  water.  To  this  solution  he  adds  half  a  gramme  to  a  gramme 
of  basic  magnesium  carbonate. 

In  testing  the  nitrifying  power  of  the  ferment  the  ammonium  sulphate  is 
added  in  separate  portions,  a  standard  solution  of  ten  grammes  in  five  hun- 
dred cubic  centimetres  of  water  being  used.  From  two  to  five  cubic  centi- 
metres of  this  solution  are  added  at  intervals  of  twenty-four  to  forty-eight 
hours,  according  to  the  rapidity  of  the  ferment  action,  and  the  absence  of 
ammonia  as  a  result  of  this  action  is  determined  by  the  use  of  Nessler's  solu- 
tion.   The  cultures  are  kept  at  the  room  temperature. 

The  nitromonas  of  Winogradsky  does  not  form  spores.  It  is  sometime^ 
seen  to  exhibit  active  movements,  but  is  usually  at  rest.  The  researches  of 
the  author  named  show  that  it  is  capable  of  growing  and  of  exercising  its 
ferment  action  in  solutions  from  which  all  organic  matter  has  been  excluded, 
and  the  conclusion  is  reached  that  it  is  able  to  assimilate  the  carbon  required 
for  its  development  from  the  carbonic  acid  set  free  in  the  culture  liquid  as  a 
result  of  the  action  of  the  nitric  acid  formed  by  the  nitrifying  ferment  upon 
the  magnesium  carbonate  in  suspension. 

Recently  (1891)  Winogradsky  has  succeeded  in  cultivating  this  nitrifying 
ferment  in  a  solid  medium  containing  soluble  silicates,  whicn  form  a  gela- 
tinous mass  (see  page  47).  The  bacillo-cocci  of  G.  and  P.  F.  Frankland 
appear  to  be  identical  with  the  nitromonas  of  Winogradsky.  The  authors 
named,  finding  that  the  nitrifying  ferment  did  not  grow  in  nutrient  gelatin, 
succeeded  in  isolating  it  in  li(][uid  cultures  by  the  method  of  dilution.  Thev 
describe  the  nitrifying  organism  obtained  by  this  method  as  a  bacillus  which 
is  but  little  longer  than  it  is  broad,  and  which  they  designate  a  ''  bacillo- 
coccus.*'    In  this  country  £.  O.  Jordan  and  Ellen  H.  Richards  have  also 
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succeeded  in  isolating  a  nitrifying  ferment  by  the  method  of  dilution  and  by 
cultivation  in  a  liquid  containing  certain  salts  dissolved  in  distilled  water. 
Their  culture  medium  was  constituted  as  follows: 

Ammonium  chloride  (resublimed),  .  .  1.9070  grammes. 

Sodium  cai'bonate,  ....  3.78i2 

Sodium  phosphate,    .....  0.2000  ** 

Potassium  sulphate,        ....  0.2000  ^^ 

'*  These  salts  were  dissolved  in  such  a  Quantity  of  redistilled  water  that  the 
solution  contained  one  hundred  parts  of  nitro|2:en  per  one  hundred  thousand, 
and  two  equivalents  of  alkali.  Ten  cubic  centimetres  of  this  solution  were 
mixed  with  one  litre  of  redistilled  water  and  then  inoculated  as  desired." 

The  nitrifyine  ferment  obtained  by  Jordan  and  Richards  is  described  as  a 
short  bacillus  of  a  slightly  oval  shape,  about  Sto9  m  broad  and  from  1.1  to 
1.7  ii  long.  These  bacilli  are  associated  in  irregular  zoogloea  by  a  jelly-like 
material.  The  masses  are  found  chiefly  at  the  bottom  of  the  flasks,  as  was. 
the  case  with  the  nitrifying  ferment  isolated  by  Winogradsky.  No  inde- 
pendent movements  were  observed  hj  Jordan  and  Richards,  who  state  that 
they  have  not  been  able  to  determine  in  a  definite  manner  whether  the  nitri- 
fying organism  isolated  by  them  is  identical  with  that  of  Winc^radsky  and 
of  the  Franklands.  llie^  remark  that  their  bacillus  stains  with  some  diffi* 
culty  with  the  usual  aniline  dyes. 

441.   NITRIPYINa  BACILLUS  OP  WINOGRADSKY. 

Obtained  by  Winogradsky  (1891)  from  the  soil  by  cultivation  in  a  gela- 
tinous medium  containing  soluble  silicates. 

Morphology. — Small  bacilli  of  somewhat  irregular  form,  often  pvriform; 

the  average  len^h  does  not  usually  exceed 
0.5  ^,  ana  the  oreadth  is  ouite  variable, 
even  in  the  same  cell.  The  bacilli  are 
grouped  in  irregular  masses  and  united 
into  a  membranous  pellicle  by  a  gelatin- 
ous material.  This  pellicle  in  old  cultures 
is  seen  attached  to  the  bottom  of  the  tube 
as  a  transparent  membrane,  which  may  be 
detached  oy  agitation;  in  more  recent 
cultures  it  is  firmly  adherent  and  so 
transparent  as  to  be  seen  with  difficulty ; 
it  gives  to  the  glass  a  feeble  bluish-gray 
tint,  and  is  not  detached  by  repeatedly 
rinsing  the  tube  with  distilled  water.  The 
bacilli  are  somewhat  difficult  to  recognize 
in  stained  preparations,  owing  to  the  stain- 
ing of  the  gelatinous  intercellular  sub- 
Fia.  858.— Nitrifytais  bacillus  of  wino-  stance.  Winogradsky  recommends  wash- 
gradsky.  x  1,000.  From  a  photomlcro-  ing  the  stained  preparation  with  water  at 
graph.  (Winogradsky.)  50^  to  60'  C.  to  remove  the  color  from  the 

^latinous  material. 
The  Biological  Charactersoi  this  bacillus  have  not  been  fully  determined. 
In  a  g[elatinous  medium  made  by  the  addition  of  silicic  acid  to  a  culture  liquid 
containing  certain  salts,  yellowish-gray,  lenticular  colonies  were  developed, 
from  which  liquid  cultures  were  subsequently  made  by  Winogradsky.  In 
these  the  liquid  remained  transparent,  and  no  pellicle  formed  upon  the  sur^ 
face,  but  a  verv  transparent,  gelatinous  film  was  found  attached  to  the  bot- 
tom of  the  flask ;  the  bacillus  above  described  was  found  to  be  present  in  this 
and  to  be  the  cause  of  the  active  oxidation  of  nitrites  present  in  the  culture 
medium.  With  reference  to  its  ferment  action  Winopradsky  says:  "The 
oxidizing  power  of  this  imponderable  quantity  of  a  living  ferment  is  aston* 
ishing. "    When  this  bacillus  is  associated  with  the  microdrganism  previously 
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described  (No.  440)  in  a  solution  containing  salts  of  ammonia,  the  *'nitro- 
monas*^  takes  theprecedence;  and,  accordinj^  to  Winogradsky,  when  the  oxi- 
dation of  the  ammonia  is  completed  this  ^rment  ceases  to  absorb  oxygen 
and  enters  into  a  state  of  repose,  while  the  nitrifying  bacillus  commences  to 
multiply  and  to  exercise  its  special  ferment  action. 

442.   STREPTOCOCCUS  CONGLOMERATUS  (Kurth). 

Obtained  by  Eurth  (1890)  from  cases  of  scarlet  fever. 

Morpholoay. — ^As  obtained  from  bouillon  cultures  it  consists  of  masses 
made  up  of  cnains  of  cocci ;  free  chains  are  onl^^  occasionalljy  seen. 

Biological  Characters, — This  streptococcus  is  said  to  diner  from  Strepto- 
coccus pjrogenes  and  various  other  previously  described  streptococci  by  the 
fact  that  in  bouillon  cultures^  at  a  temperature  of  37°  C,  it  forms  at  the  bot- 
tom of  the  tube  smooth,  round,  and  very  firm  white  scales,  or  a  single  fiat 
layer  which  is  not  disintegrated  when  the  tube  is  slightly  agitated;  other 
streptococci  are  said  to  form  a  loose  deposit  which  is  either  entirely  broken 
up  or  forms  viscid  threads  when  the  tube  is  gently  rotated. 

Pathogenesis. — ^Very  pathogenic  for  mice. 

443.   BACILLUS  THALASSOPHILUS   (RuSSell). 

Obtained  by  Bussell  (1891)  from  mud  at  the  bottom  of  the  Gulf  of  Na- 
ples. 

Morphology, — A  slender  bacillus,  varying  greatly  in  length,  which  grows 
out  into  filaments  which  are  not  visibly  segmented. 

Stains  with  Ziehl's  solution  when  obtained  from  a  recent  culture,  but 
not  by  Loffler's  solution  or  fuchsin. 

Biological  Characters,— An  anaerobic,  liquefying,  motile  bacillus. 
Forms  spores,  which  are  very  small  and  are  located  at  the  middle  or  the 
ends  of  the  rods.  Grows  at  the  room  temperature  in  the  absence  of  oxygen. 
In  nutrient  gelatin,  prepared  with  sea  water,  at  the  end  of  two  or  three 
days  colonies  uppear  at  the  bottom  of  the  line  of  puncture  in  the  form  of 
small,  clouded  bubbles ;  later  other  colonies  develop  above  these,  f orming- 
finally  a  long,  irregular,  grayish,  semi-transparent,  liquid,  sac-like  mass. 
At  tlie  upper  portion  of  this  sac  gas  accumulates.  The  gelatin  is  now  rap- 
idly liquened,  except  above,  the  liquefaction  extending  to  the  walls  of  the  tube. 
Finally  the  entire  amount  of  g:elatin  is  liquefied,  and  becomes  clear  above 
from  the  deposition  of  the  bacilli  at  the  bottom  of  the  tube,  where  they 
form  a  thicK,  sticky  mass.  The  cultures  giv^e  off  a  penetrating,  disagree- 
able odor.  In  gelatin  between  double  plates  colonies  first  appear  at  the 
end  of  two  or  three  days;  under  a  low  power  these  show  a  very  thin  net- 
work of  filaments,  which  penetrate  the  gelatin  in  all  directions.  Much 
gas  is  develoi)ed  in  the  colonies,  and  when  the  upper  plate  is  lifted  an  odor 
of  skatol  is  given  off.  The  colonies  soon  become  confluent  and  the  gelatin 
is  entirely  liquefied.  In  agar  a  scanty  development  occurs  along  the  line  of 
puncture  to  within  two  centimetres  of  the  surface. 

444.   BACILLUS  GRANULOSUS  (Russell). 

Obtained  by  Russell  (1891)  from  the  mud  at  the  bottom  of  the  Gulf  of 
Naples;  common,  even  at  a  depth  of  1,100  metres. 

Morphology, — In  hanging-drop  cultures  this  bacillus  grows  out  into  long, 
slender  filaments,  made  up  of  tolerably  large  bacilli  havmg  a  thick  cell  wsdt 
and  finely  granular  protoplasmic  contents.  In  older  cultures  the  long  fila- 
ments are  broken  up  into  shorter,  irregular  fragments,  and  the  separate  seg- 
ments are  seen  as  short,  thick  rods  witn  coarsely  granular  contents.  Upon 
agar  and  ix>tato  the  development  of  filaments  is  irregular  and  they  break  up 
into  a  grape-like  mass.     These  masses,  which  might  be  taken  for  mvolutioa 
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forms  or  degenerative  products,  are  capable  of  forming  spores.  In  potato 
cultures  these  masses  are  seen  to  consist  of  short,  plump  cells,  each  one  of 
which  contains  a  highly  refractive  spore.  The  segments  of  a  filament  divide 
as  in  Bacillus  megatherium,  without  any  external  appearance  of  division,  the 
new  cells  growing  in  breadth  rather  than  in  length ;  as  a  result  of  unequal 
growth  irregular  masses  are  formed,  in  which  later  spores  are  developed.  In 
anaerobic  cultures  the  cells  are  usually  solitary,  or,  at  most,  united  in  pairs. 
The  pix>toplasm  of  young  cells  is  fine  and  granular;  in  older  cells,  and  espe- 
cially in  unfavorable  media,  the  contents  consist  of  large,  shininfi^  granules. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method;  the  granules 
are  deeply  stained  by  Kiihne's  carbol-methyl-blue  solution. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  liqwe- 
ing,  usually  non-motile  bacillus;  in  bouillon  cultures  kept  at  37*  C  a 
ght  to-and-f ro  movement  may  be  observed.    Forms  spores.    Grows  in  ihv 


v^ 


FlQ.250. 


Fte.260. 


FiQ.  SS9.— Bacilhxs  thalassophUos;  eoltore  In  mitrient  gelatin  at  end  of  fourth  dnj;  a,  dnim- 
-stiok  forms  trotn  fcelatin  culture;  «,  bacOil  oootainlnfc  spores.    CBusselL) 

Flo.  SCO.— Bacillus  granulo6tts;  joong  surface  colonj  upon  gelatin  plate;  a^  b^  e,  normal 
forms  from  recent  gelatin  culture;  /,/*,  firom  an  old  gelatin  culture;  g-K  abnormal  fonns  from 
potato  culture— at  li,  spores.    CRussell.) 


usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  the  col- 
onies ditfer  considerably  in  appearance,  especially  those  upon  the  surface. 
At  first  they  are  usually  thin,  almost  transparent,' and  leaf-like;  under  a  low 
p*^wer  these  ci^loiiies  are  seen  to  be  covered  with  irregular,  concentric  lines, 
wluoh  are  formeil  by  tlie  parallel  arrangement  of  the  filaments,  and  under 
the  nuon>sot^pe  resemble  tne  anastomosing  "nerves "  upon  a  leaf.  Liquefac- 
tion of  the  srelatin  ouickly  occurs.  The  deep  colonies  are  not  characteristic, 
and  remain  as  small,  n>und.  shining,  opaque  masses.  The  colonies  are  vis- 
cid, drawinsr  out  into  threads,  or,  when  touched  with  the  platinum  needle, 
the  entire  ciUony  may  be  picked  up.  In  gelatin  stick  cultures  liquefacticm 
^occurs  near  the  surface^  farming  a  shallow  cavity,  at  the  bottom  of  which 
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the  bacilli  accumulate  in  zoo^loea  masses;  later  the  li<^uefaction  extends  to 
the  deeper  layers  of  the  gelatm  medium.  Upon  agar^  in  the  course  of  two  or 
three  days  at  the  room  temperature,  or  in  twenty-four  hours  in  the  incubat- 
ing oven,  rather  scanty  ancl  thin,  whitish  or  yellowish  colonies  are  developed, 
which  remain  separated  where  the  culture  medium  is  scanty,  as  at  the  upper 
pai*t  of  oblique  cultures,  while  below,  where  the  culture  mediiun  is  moist, 
development  is  more  abundant.  In  bouillon  an  abundant  development 
occurs,  which  causes  a  diffused  cloudiness  of  the  liquid  and  a  considerable 
deposit  at  the  bottom  of  the  tube.  The  growth  upon  potato  is  quite  charac- 
teristic. At  the  end  of  twenty- four  hours  at  the  room  temperature  a  moist, 
white,  shining  patch  is  seen ;  instead  of  extending  over  the  surface,  this  in- 
creases in  thickness,  forming  a  thick,  viscid,  shining-white  mass;  later  this 
loses  its  lustre,  becomes  dull  and  waxy  in  appearance,  and  acquires  a 
brownish  color. 

445.   BACILLUS  LIMOSUS  (RuSSell). 

Obtained  by  Russell  (1891)  from  mud  from  the  bottom  of  the  Gulf  of 
Naples ;  very  abundant  in  all  of  the  specimens  examined. 


^f     ^ 


Fta.  261.  Fio.  862. 

Flo.  t61.— BacOhiB  limosus;  culture  in  nutrient  f^latln  made  with  aea  water,  at  end  of  two 
days,  and  bacilli  from  a  gelatin  culture.    (Kussell.) 

Flo.  963.— Spirillum  marinum;  culture  in  nutrient  gelatin  made  with  aea  water,  at  end  of  two 
days,  and  spirilla.    CRunell.) 

Morphology, — Long  and  slender  bacilli,  1.25  u  broad  and  3  to  4  a  long; 
usually  unit^  in  pairs,  or  in  chains  containing  several  elements.  In  hang- 
ing-drop preparations  from  potato  cultures  the  cells  are  shorter  and  thicker 
than  in  gelatin  cultures ;  the  ends  are  rounded,  and  the  cell  contents  often 
appear  finely  granuliu*. 

Biological  Characters, — An  aeroWc,  liquefying,  mo^t'Ze  bacillus  ;  exhibits 
slow  to-and-fro  movements.  Forms  spores,  which  are  located  at  one  ex- 
tremity of  the  rods.    Grows  in  the  usual  media  at  the  room  temperature—- 
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more  luxuriantly  in  nutrient  gelatin  made  with  sea  water.  Upon  gelatin  plates 
•colonies  are  developed  in  m>m  twenty-four  to  thirty  hours,  which  at  first 
are  almost  transparent;  under  a  low  power  these  are  seen  to  be  surrounded 
by  long,  slender  filaments  which  extend  far  out  into  the  gelatin ;  in  its 
further  development  the  central  portion  of  the  colony  extends  and  includes 
the  slender  filaments,  forming  a  round  mass  surrounded  by  little,  thorn-like 
projections ;  liquefaction  commences  at  the  centre,  causing  a  depression  of 
the  colony ;  in  old  colonies  the  liquefied  gelatin  has  a  grayish  color  and  a 
thin  pellicle  forms  upon  the  surface;  below  this  swim  flocculent  masses, 
and  around  the  mar^ns  the  thorny  appearance  is  preserved.  In  gelcUin 
stick  cultures  containing  sea  water  development  is  very  rapid,  and  at  the 
end  of  twenty-four  hours  a  funnel-shaped  cavity,  containing  liquefied  gelatin 
which  is  clouded  throughout,  has  been  formed ;  in  the  course  of  seventy 
hours  the  gelatin  is  entirely  liquefied  and  light,  fiocculent  masses  collect 
in  the  lower  portion  of  the  tube,  while  upon  the  surface  a  thin  pellicle  is 
formed  which  is  easily  broken  up.  Upon  agar  the  development  is  abun- 
dant, forming  a  moist,  shining- white  layer.  In  bouillon  a  dense  cloudiness 
is  developed,  and  a  thick  and  very  resistant  layer  is  formed  upon  the  surface, 
while  a  considerable  deposit  accumulates  at  the  bottom  of  tne  tube.  Upon 
potato  a  thin,  grayish-white  layer  is  formed,  which  covers  the  greater  part 
of  the  surface. 

446.    SPIRILLUM  MARINUM  (RuSSell). 

Obtained  by  Russell  from  mud  at  the  bottom  of  the  Gulf  of  Naples,  and 
from  water  from  the  same  source ;  not  very  abundant. 

Morphology, — ^Bods  which  are  usually  more  or  less  curved,  like  the 
cholera  spirillum ;  usually  in  pairs,  but  several  elements  are  sometimes 
united  to  form  a  spiral  filament;  the  rods  are  sometimes  straight. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  liquefying,  actively  motHe  spiril- 
lum. Spore  formation  not  observed.  The  movements  are  sometimes  rtrtary, 
and  sometimes  progressive  without  rotation.  Grows  in  the  usual  culture 
media  at  the  room  temperature,  but  not  in  the  incubating  oven;  grows 
better  in  media  made  without  the  addition  of  sea  water.  Upon  gelatin  plates 
the  colonies  are  first  seen  as  round,  granular  masses,  often  nresenting  radial 
striations.  When  liquefaction  of  the  gelatin  commences  tne  colonies  have 
A  rougher  appearance,  and  flocculent  masses  float  in  the  shallow  cavities 
containing  liquefied  gelatin.  In  gelatin  stick  cultitres  development  is  very 
rapid  at  first;  the  gelatin  is  liquefied  and  clouded,  and  a  thin,  semi-trans- 
|)arent  membrane  forms  upon,  the  surface ;  later  a  stratum  of  liquefied  gelatin 
is  seen  above,  while  below  the  culture  medium  remains  unaltered.  Upon 
<igar  the  growth  is  luxuriant  and  forms  a  moist,  white,  pus-like  layer.  Upon 
potato  the  growth  is  very  characteristic ;  at  the  end  of  twenty-four  hours 
a  reddish-brown,  sharply  defined  layer  is  developed,  and  the  potato  changes 
its  color  in  the  vicinity  of  the  line  of  inoculation ;  the  growtn  increases  in 
dimensions  and  forms  a  thick,  wax-like  mass,  which  after  a  time  covers  the 
greater  portion  of  the  surface;  it  remains  soft  and  does  not  penetrate  the 
potato,  which  gradually  acquires  a  dark  greenish-gray  color.  In  bouillon 
made  with  sea  water  development  is  abundant  and  causes  the  culture  liquid 
to  be  densely  clouded ;  a  smooth,  white  layer  forms  upon  the  surface. 

447.   BACILLUS  LITORALIS  (RuSSeU). 

Obtained  by  Russell  (1891)  from  mud  at  the  bottom  of  the  Gulf  of  Na- 
ples, near  the  shore. 

Morphology, — Bacilli  two  to  four  times  as  long  as  broad. 

Stains  with  Loffler*s  solution,  but  not  by  Gram's  method. 

Biological  Characters. — An  aerobic  and  factdtative  anaSrolric,  lique- 
fyingy  motile  bacillus.    Spore  formation  not  observed.    Movements  very 
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irregular.  Grows  slowjy  in  Uie  usual  culture  media  at  the  room  temperature. 
Upon  qelatin  plates  deep  colonies  are  seen  at  the  end  of  three  days  as  well- 
defined,  small,  hrown  points.  The  superficial  colonies  are  at  first  shining  and 
opalescent ;  under  the  microscope  they  are  seen  to  be  finely  granular  and 
have  smooth  margins;  at  the  end  of  five  to  ei^ht  days  the  colonies  in  con- 
tact with  the  air  commence  to  cause  liquefaction  of  the  gelatin ;  liquefac- 
tion progresses  so  slowly  that  evaporation  keeps  pace  with  it,  and  the  colo- 
nies slowly  sink  into  the  gelatin ;  when  the  layer  of  gelatin  is  quite  thin  a 
ring  of  liquefied  gelatin  may  surround  the  colony.  In  gelatin  stick  cultures 
a  scanty  growth  is  seen  along  the  line  of  puncture  at  the  end  of  twenty-four 
hours.  Upon  the  surface  a  thin,  irregular,  whitish  layer  commences  to 
form  around  the  point  of  inoculation  at  the  end  of  three  or  four  days ;  the 
gelatin  is  slowly  fiauefied  below  this,  and  as  a  result  of  evaporation  a  small 
cavity  is  formed  which  is  lined  with  a  thin  layer  of  bacilli.    But  little  de- 


^.yLf 
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Fxo.  263. 


Fia.  264. 


Fio.  268.— BaciUus  Utoralls;  A,  colony  upon  gelatin  plate,  ten  dnya  old;  B,  gelatin  stick  ctilture 
ten  days  old;  C,  bacilli  from  hanging-drop  culture.    CRusseU.) 

Fio.  264.— BacUlus  halopUlus;  A,  culture  in  nutrient  gelatin  at  end  of  twenty-four  houra;  B 
culture  in  sea-water  gelatin  at  end  of  twenty-four  hours.    (RnneU.)  * 

velopment  occurs  along  the  line  of  inoculation  below,  but  the  growth  often 
acquires  a  reddish-brown  color,  and  the  gelatin  around  it  is  stained  brown— 
this  color  is  only  developed  in  the  absence  of  oxygen.  In  streak  cultures 
white,  semi-transparent  colonies  are  formed  aloug  the  line  of  inoculation ; 
these  become  visible  after  the  second  day,  extend  slowly,  and  finally  coal- 
esce; in  the  course  of  five  to  seven  days  the  thicker  white  colonies  com- 
mence to  sink  below  the  surface  as  a  result  of  liquefaction  and  evaporation; 
liquefaction  now  progresses  more  rapidly,  and  after  a  time  the  deposit  at  the 
bottom  of  the  liquefied  gelatin  acquires  a  reddish-brown  tint.  No  grouch 
occurs  upon  potato.  Upon  agar  a  scanty,  thin,  moist-looking,  grayish-white 
layer  is  formed.  In  bouillon  a  uniform  cloudiness  is  develop^  and  no  pel- 
licle forms  upon  the  surface. 
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448.   BACILLUS  HALOPHILUS   (RuSSell). 

Obtained  bv  Russell  (1891)  from  water  of  the  Gulf  of  Naples  and  from 
mud  from  the  bottom. 

Morpholoqy, — Recent  cultures  in  nutrient  spelatin  made  with  sea  water 
contain  bacilli  of  from  1.5  to  3.5  /x  in  length  and  0.7  /<  broad ;  these  are  often 
united  in  pairs.  In  older  cultures  the  form  quickly  changes,  and  at  the  end 
of  two  days  cells  resembling  those  of  a  torula—*' yeast-like" — are  seen; 
these  abnormal  forms  increase  in  number  and  variety  as  the  culture  becomes 
older;  some  contain  a  granular  protoplasm,  and  some  are  so  transparent  as 
to  be  easily  overlooked.  These  cells,  however,  are  motile  and  resemble 
the  so-called  monads.  The  variability  of  form  is  still  greater  in  ordinary 
nutrient  gelatin,  which  is  a  less  favorable  medium  than  gelatin  made  with 
sea  water. 

Stains  with  difficulty,  and  not  at  all  with  Loffler's  solution ;  does  not 
stain  by  Gramas  method ;  the  protoplasm  is  irregularly  stained  by  Ziehl's 
solution,  while  fuchsin  solution  stains  it  feebly  but  homo^neously. 

Biological  Characters.— Kn  aerobic,  liquefying,  actively  motile  bacil- 
lus. Spore  formation  not  observed.  Grows  slowly  in  the  usual  culture 
media  at  the  room  temperature.  In  stick  cultures  in  nutrient  gelatin  made 
with  sea  water,  at  the  end  of  twentv-four  to  thirty-six  hours,  punctiform 
colonies  are  developed,  which  quickly  coalesce  ;  liquefaction  occurs  along 
the  line  of  growth  and  «s&  is  developed ;  sometimes  this  is  so  abundant  that 
the  liquefied  gelatin  is  u>rced  up  over  the  surface  of  the  culture  as  a  foamj 
mass;  later  the  liquefied  gelatin  becomes  transnarent,  and  a  fine  deposit  is 
seen  at  the  bottom  of  the  tube.  In  nutrient  gelatin  not  made  with  sea  wa- 
ter the  growth  is  considerably  slower ;  at  first  a  white  line  is  seen,  extending 
only  along  a  portion  of  the  puncture;  in  the  course  of  seventy  hours  a 
slender  cavity  is  formed  as  a  result  of  slow  liquefaction  and  evaporation  ; 
this  gradually  increases  in  length  and  gives  to  the  cultures  a  characteristic 
appearance.  In  plates  made  with  sea-water  gelatin,  spherical,  irrajrish- 
wnite,  semi-transparent  colonies  are  developed;  these  cause  liquefaction, 
and  by  evaporation  sharply  defined,  deep  funnelis  are  formed  in  the  gelatin. 
The  cultures  have  a  strongly  alkaline  reaction. 

449.  BACILLUS  CAPSULATUS  Mucosus  (Fasching). 

Obtained  from  the  nasal  secretion  in  two  cases  of  infiuenza. 

AforpAoZogry.— Bacilli  from  3  to  4  /<  long  and  0.76  to  1  /*  thick,  enveloped 
in  a  capsule  containing  one  to  four  individuals. 

Biological  Characters, — An  aerobic  and  facultative  anaercibic^  nan- 
motiley  non-liquefying  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  18*  to  35'  C.  Upon  gelatin  plates  circular,  milk-white  colo- 
nies are  developed;  these  have  a  faint  aromatic  odor  and  are  cupped  upon 
the  upper  surface ;  thev  resemble  drops  of  mucus  about  the  size  of  a  pm's  head. 
In  stick  cultures  in  gelatin  a  nail-like  growth,  like  that  of  Friedlander^s  bacil- 
lus, is  seen,  and  there  is  a  formation  of  eas. 

<Sifa{n«  with  the  usual  aniline  colors,  l>ut  not  by  Gram's  method. 

Pathogenesis. — White  mice  and  field  mice  die  from  general  infection  in 
from  thirt^r-six  to  forty-eight  hours  after  inoculation ;  they  also  suffer  from 
conjunctivitis.    Not  pathogenic  for  rabbits  or  for  pigeons. 

450.  BACILLUS  OP  POTATO  ROT  (Kramer). 

Obtained  by  fiZramer  (1S91)  from  potatoes  affected  with  wet  rot — ''  Nass- 
ffiue. 

Morplioiogy. — BaciUi  with  roxmd  ends,  from  2.5  to  4  m  long  and  0.7  to 
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O.Sfi  broad;  often  united  in  chains;  grow  out  into  filaments;  in  old  cultures 
thicker  rods  of  an  ellipsoidal  form  are  seen,  and  spores  are  formed  which  en- 
tirely fill  the  cell  containing  them. 

Biologi^xU  Chartzcters. — An  aerobic,  liquefying,  motile  bacillus.  Forms 
large  oval  spores.  Grows  in  the  usual  culture  media  at  the  room  tempei*a- 
ture.  In  gelatin  stick  cultures  liquefaction  occurs  rapidly,  forming  a  fun- 
nel, at  the  bottom  of  which  the  bacilli  accumulate.  In  streak  cultures  upon 
^latin,  at  the  end  of  twelve  hours,  an  elevated,  dirty -white  line  of  growth 
IS  seen  along  the  impfstrich ;  this  extends  laterally,  and  the  margins  are  scal- 
loped so  that  the  growth  resembles  a  leaf.  Upon"?i  wf?*ien^  agar  small,  dirtjr- 
white,  slimy  drops,  with  sharply  defined  margins,  ai-e  developed.  Gelatin 
cultures  containing  litmus  or  carmine  are  decolorized  by  this  bacillus.  In 
solutions  containing  dextrose  it  multiplies  abundantly,  producing  carbon 
dioxide  and  butyric  acid.  In  starch  paste  containing  ammonium  tartrate 
the  starch  is  only  dissolved  to  a  slignt  extent,  and  no  butyric  acid  is  de- 
veloped. It  has  but  slight  action  upon  cellulose.  Potatoes  sterilized  by 
steam  and  inoculated  with  a  pure  culture  of  the  bacillus  undergo  changes 
corresponding  with  **  Nassfaule  "  in  these  tubers.  These  consist  of  a  decom- 
position of  soluble  carbohydrates  (sugar),  with  a  formation  of  carbon  dioxide 
and  butyric  acid ;  then  of  the  intercellular  substance  and  the  cell  membranes, 
producing  an  acid  reaction  in  the  contents  of  the  tuber.  The  starch  is  not 
clianged.  The  albuminous  substances  undergo  putrefactive  decomposition, 
with  production  of  ammonia,  methylamin,  and  trimethylamin.  These  bases 
first  neutralize  the  butyric  acid,  and  later  cause  an  alkaline  reaction  of  the 
affected  portions  of  the  potato.  In  milk  coagulation  of  the  casein  occurs, 
but  no  putrefactive  change  is  induced,  even  at  the  end  of  several  weeks,  as  is 
the  case  with  Bacillus  butyricus  (Hueppe). 

451.  BACILLUS  VACUOLOSis  (Sternberg). 

Obtained  by  Sternberg  (1888)  in  cultures  from  the  intestine  and  stomach 
of  yellow^-fever  cadavers. 

Morphology. — Bacilli  with  round  ends,  which  vary  considerably  in  the  r 
dimensions  and  are  sometimes  slightly  curved;  length  from  1.6  to  5 //, 
breadth  about  1  //.  In  stained  preparations  unstained  places — vacuoles  ? — 
are  seen  in  the  rods.  In  surface  cultures  upon  agar  various  involution  forms 
ai'e  seen,  which  also  present  vacuoles  and  which  are  usually  considerably 
larger  than  the  normal  bacilli.  The  bacilli  sometimes  grow  out  into  long, 
jointed  filaments. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  liquefying^  rnotile  bacillus.  Fonns 
large  oval  spores.  Grows  in  the  usual  ciuture  media  at  the  room  tempera- 
ture. In  gelatin  stick  cultures  liquefaction  occurs  .slowly,  near  the  surface, 
forming  a  cup-shaped  cavitj^.  The  liquefied  gelatin  is  quite  viscid,  and  a 
cream- white  layer  of  bacillf  forms  upon  the  surface  of  the  liquefied  medium. 
In  nutrient  a^ar  the  development  along  the  line  of  puncture  is  scanty;  on 
the  surface  a  cream- white  layer  is  formed  and  the  bacilli  are  united  in  long, 
jointed  filaments.  It  is  not  always  seen  to  be  motile,  but  under  certain  cir- 
cumstances exhibits  slowly  progressive,  to-and-fro  movements,  as  if  propelled 
by  a  flagellum.  Does  not  gi'ow  in  an  acid  medium.  On  potato  a  thin, 
cream- white  layer  is  formed. 

Path^ene9is,—lSot  pathogenic  for  rabbits.  Not  tested  upon  other  ani- 
mals. 

452.    BACILLUS  OF  DANTEC. 

Synonym. — Bacille  du  rouge  de  morue. 

Obtained  by  Dantec  (1891),  in  association  with  other  microorganisms, 
from  salted  codfish,  to  which  it  imparts  a  red  color. 
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Morphology. -^BsLcilli  with  round  ends,  from  4  to  12  /<  long,  and  usual] v 
containing  a  spore  at  one  extremity.  Resembles  the  bacillus  of  tetanus,  but 
is  considerably  thicker. 

Biological  Characfei's.—Xn  aet^ic,  liquefying,  motile,  chromogenir 
bacillus.  Forms  spores.  Grows  in  the  usual  culture  media  at  the  room 
temperature.     Produces  a  i^  pigment.     In  gelatin  stick  cultures  liouefae- 

tion  in  funnel  form  occurs  along  the  line  of 

puncture.^  lu  old  gelatin  liquefaction  may  not 

^#  occur.     Ui)on  the  surface  of  nutrient  gelatin  a 

^    I        1^*  red  sti'eak  is  develoi)ed  along  the  line  of  in- 

**     ^  ^  ••  oculatiou,  and  the  gelatin  felow  this  is  verr 

•*     \  .'^   \     «  ^  ••  slowly  liquefied.   The  colonies  in  gelatin  platei; 

^  ^  i  '      ^       .  may  attain    a    diameter  of  two  millimetres: 

•  ^  /     ^     •     \  ^^®y  liave  a  pale-red  centre  with  a  deeper  red 

>»%%.*'  I     periphery,  and  are  disc-shaped.     In  Ixmillon 

-^  ^         ^Jf      •     I   '      aevelopment  is  abundant,  but  without  the  fop- 

\   ^     •»     ^        ^     ^      mation  of  pigment.    Does  not  grow  well  upon 

^         ^       \     ii  i  potato.     Pigment  is  formed  more  abundantlv 

'^     I'*      ^      ■  \  at  10'  to  15'  C.  than  a4  a  higher  temperature. 

Upon  dried  codfish  it  grows  readily,  fonnin^ 

FiQ.a85.-BaciiiusofDantec  f'^  pigment,  especially  upon  the  side  which 

has  been  exposed  to  the  salt. 
Not  patliogenic. 

4:>:].  BACILLUS  (MicRococcrs  ?)  HAVANiENSis  (Sternberg). 

3foj7)/#o/ogry.— Short-oval  bacilli,  usually  in  pairs,  about  0.4  to  0.5  a  in 
diameter.  The  cells  are  so  nearly  sphericarthat  the  writer  has  been  in  doubt 
wliether  to  describe  this  microorganism  as  a  bacillus  or  as  a  micrococcus. 

Bn^iygical  Characters.^An  aerobic,  nonliqtiefying,  chromogenic  ha- 
cillus(.0.  Grows  slowly  in  the  usual  culture 
media  at  the  room  temperature.  Upon  gelatin 
^ilates  forms  small,  spherical,  transUiceut  colo- 
nies of  a  beautiful  blood-red  color.  In  gelatin 
stick  cultures  a  thick,  opaque,  carmine  layer 
develo|>s  about  the  point  of  inoculation  and 
slowly  increases  in  thickness  andcircumferem*e: 
very  st^anty  growth,  without  color,  at  the  upper 
]wrt  of  the  line  of  puncture.  Upon  the  surface 
o/aiyar  the  growth  is  slow  but  continuous,  and 
forms,  at  tlie  nxmi  temperature,  a  thick,  carmine 
layer  along  tlie  line  of  inoculation  ;  this  has 
>\-avy  outlines  and  a  glistening,  varnished-like 
surfai^  ;  it  ^eraduallv  extends  in  thickness  and 
bivadih,  which  at  the  end  of  a  month  mav  bt»  *'*«•  aK.-Bacflin8  HavaaieB 
tive  to  six  millimetres.  Frequently  this  micrtv  «»•  x  i.oco.  (Sternberg) 
t»oixnis  fails  to  grow  on  potato,  perhaps  because 

of  an  aoid  r^»aotion.  But  uixvn  old  and  rather  dry  potato  it  sometimes  de- 
velo|is,  as  it  di^es  on  nutrient  aa:5«r.  forming  a  ttick,  irregular  mass  of  a 
carmine  itWor.     The  pigment  is  only  formed  in  the  free  presence  of  oxygen, 

4^H.  BACILLUS  AMTLOZYMA  (Perdri.T). 

l>biaintxl  by  Penlrix  HSl^O  from  the  hydmnt  water  of  Paris— best  from 
the  deix>sit  left  in  a  Chamberlain  filter  through  which  this  water  has  been 

l^iSS^Hl. 

3/o»"/»^io/o.7(/.— R^cilli  with  round  ends,  from  2  to  3  m  long  and  0.5  m 
bnxid :  usually  in  pair<;.  or  in  chains  of  several  elements. 
^a*»K<  with  the  usual  aniline  colors. 
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Biological  Clutracters.—^  strictly  anaerobic,  non-liquefying,  motile 
bacillus.  Forms  spores.  Grows  in  the  usual  culture  media  m  an  atmo- 
sphere of  hydrogen  at  the  room  temperature.  In  nutrient  gelatin  colonies 
are  developied  at  the  end  of  five  or  six  davs;  these  are  small,  white  plaques 
surrounded  by  gas  bubbles.  Upon  jiotofo,  in  an  atmosphere  of  hydrogen, 
whitish  colonies  are  developed,  around  which  the  potato  appears  excavated ; 
at  the  same  time  it  is  partly  liquefied  by  the  ferment  action  of  the  bacillus,' 
and  the  liquid  collects  at  the  bottom  of  the  tube.  When  these  potato  tubes 
are  opened  there  is  a  little  explosion,  due  to  escaping  gas.  The  development 
of  the  bacillus  is  most  rapid  and  its  ferment  action  most  energetic  at  a  tem- 
perature of  about  35°  0.  It  causes  fermentation  of  sugar  and  of  starch,  but 
uot  of  cellulose.  It  ceases  to  erow  in  cultures  containing  0.10  to  0.12  per 
cent  of  acid  (estimated  in  sulpnuric  acid),  and,  as  it  produces  an  acid  reac- 
tion of  the  culture  medium,  it  is  necessarv  to  add  carbonate  of  lime  to  this 
to  insure  its  continuous  development.  Tne  acids  formed  from  the  fermenta- 
tion of  sugar  are  acetic  (at  the  outset)  and  butyric.  In  culture  media  con- 
taining starch,  ethvlic  and  amylic  alcohol  are  produced,  as  well  as  butyric 
acid ;  a  considerable  portion  of  the  starch  is  converted  into  su&far,  and  hydro- 
gen and  carbon  dioxide  are  given  off  freely  as  a  result  of  the  fermentation. 

455.  BACILLUS  RUBELLUS  (Okada). 

Obtained  by  Okada  (1892)  f  ix>m  dust  by  inoculations  in  giiinea-pigs.  Not 
pathogenic,  but  found  in  a.ssociation  with  pathogenic  bacteria  in  tne  bloody 
serum  effused  about  the  point  of  inoculation— with  dust  from  the  streets. 

Jtfbrp/ioZaary.— Resembles  Bacillus  cedematis  maligni  in  its  form  and  di- 
mensions. Bacilli  with  slightly  rounded  ends,  usually  in  pairs  or  chains  of 
three;  in  old  bouillon  cultures  grows  out  into  filaments  10  to  15 /i  long; 
these  are  often  surrounded  by  a  capsule-like  envelope.  The  rods  show  a 
slight  swelling  when  spore  formation  occurs,  becoming  spindle  shaped  or 
having  an  expanded  extremity,  according  as  the  spore  is  formed  in  the 
middle  or  at  one  extremity.  Flagella  may  be  demonstrated  by  Ldffler's 
method  of  staining;  these  are  seen  at  one  or  at  both  extremities. 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters.— An  anaerobic ^  ckromogenic,  liquefying,  motile 
bacillus.  Forms  l&rge  oval  spores,  which  are  located  at  one  extremity  or  in 
the  centre  of  the  rods.  In  gelatin  plates  kept  in  an  atmosphere  of  hydro- 
gen, dull-white,  punctiform  colonies  are  developed  at  the  ena  of  ten  days  at 
15"  to  IS""  C  ;  unaer  a  low  power  these  are  seen  to  be  long-oval  in  form  and 
surrounded  by  fine  offshoots  ;  after  a  time  the  gelatin  is  liquefied  and  ac- 
quires a  reddish  color.  In  deep  gelatin  stick  cultures  development  com- 
mences at  the  bottom  of  the  line  of  puncture,  where,  at  the  end  of  ten  days, 
small,  dull -white,  spherical  or  oval  colonies  are  developed ;  these  are  seen  to 
be  surrounded  by  radiating  offshoots ;  the  colonies  increase  in  size,  and  the 
gelatin  is  gmdually  liquefied  in  the  lower  two-thirds  of  the  tube,  while 
above  it  remains  solid;  a  flocculent  deposit  is  now  seen  at  the  bottom  of  the 
tube,  which  has  a  reddish  color;  finally  the  upper  portion  of  the  gelatin  is 
also  liquefied  and  the  whole  of  the  fluid  has  a  red  color.  Upon  agar  plates, 
at  37**  C. ,  development  is  more  abundant  and  rapid ;  colonies  are  developed  in 
twenty -four  hours,  which  subsequently  increase  in  size  and  acquire  a  red 
color."  In  deep  stick  cultures  in  agar,  in  the  incubating  oven,  development 
occurs  below  at  the  end  of  twenty-four  hours  and  giiduallv  extends  up- 
ward to  near  the  surface.  Gradually  the  upper  portion  of  the  growth  ac- 
quires a  red  color,  which  increases  in  intensity,  and  the  upper  portion  of  the 
culture  medium  is  after  a  time  diffusely  colored.  In  bouillon  in  an  atmo- 
sphere of  hydrogen,  at  37"  C. ,  development  is  abundant  and  rapid,  and  the 
medium  acquires  a  red  color. 

Not  pathogenic. 
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456.  BACTERIUM   UREJS  (Jaksch). 

FcHind  in  ammoniacal  urine. 

yforphol(fgy.—BacUli  with  round  ends,  about  2  M  long  and  1  M  thick. 

Bioiogical  Characters. — An  aerobic  and  facultative  anaerobic.  Hon- 
Jiquefying  bacillus.  Spore  formation  not  observed.  Grows  very  slowly  at 
the  room  temperature.  Changes  urea  into  carbonate  of  ammonia.  Up<^»ii 
gelatin  plates  forms  small,  almost  transparent  colonies,  which  at  the  end  of 
ten  days  may  have  the  diameter  of  a  "  pfennig.**  In  gelatin  stick  culturt.s 
a  thin,  gray,  branching  growth  is  seen  along  the  line  of  puncture.  Old 
cultures  nave  the  odor  of  nerring-brine.     Imperfectly  described. 

457.  SARCIXA  HOBiLis  (Maurea). 

Obtained  by  Maurea  (1S92;  from  ascitic  fluid  which  had  been  preserved 
a  Ions:  time  in  a  test  tube. 

Morphology. — Micrococci  having  a  diameter  of  1.5  /<  and  associated  in 
pairs  or  in  tetrads. 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters.— An  aerobic,  liquefying,  motile,  chromogeuir 
sarcina.  Dties  not  grow  in  the  incubating  oven  at  S?""  C.  Motions  progrps- 
sive.  serpentine,  or  rotatory  ^  r).  Upon  gHatin plates,  at  15''  to  20*  C.  puiicli- 
form,  wuiie  colonies  are  seen  on  the  third  day.  By  the  seventh  day  lique- 
faction of  the  gelatin  conunences  around  the  colonies  and  a  brick-red  pi<r- 
meut  is  formed.  In  gelatin  stick  cultures,  at  the  end  of  five  davs.  a  scanty 
development  is  seen  along  the  line  of  puncture  and  a  more  abun<Iant  growtii 
upon  the  surface :  later  the  surface  growth  acquires  a  brick-red  color ;  in 
from  tifteen  to  twenty  days  liquefaction  has  occurred  in  the  form  of  a  small 
funnel,  and  by  the  end  of  thirtv  days  one-half  of  the  contents  of  the  tube  is 
lii)ue:ied.  In  bouillon  the  fluid  becomes  clouded  in  two  or  three  days,  and 
later  a  yellowish-red  deposit  is  seen  at  the  bottom  of  the  tube.  In  agar 
Mick  cultures  a  whitish  laver  is  developed  on  the  surface,  which  later  ac- 
quires a  brick-red  color.  In  m  ilk  growth  occurs  without  producing  coa^a- 
latiou.  No  growth  u|ion  potato.  In  hay  infusion  sarcina-like  {MuScets  are 
developed  in  abundance,  as  well  as  tetrads  and  diplococcL 

45S.   BACILLUS  STOLOXIFERUS  (Pohl), 

Obtained  from  swamp  water  (1S93>. 

Mon^n^oriy. — EJaci.li  1.2  m  Ion?  and  O.S  *  broad. 

BiOiL\jicKil  Chatyic:*rs, — An  aerobic,  liquefying,  motile  bacillus.  Sporf* 
formation  not  ohservtHl.  In  (^lafin  sttck  cultures  liquefaction,  in  funnel 
f«^rTU.  commences  at  tiie  en^  of  twenty-four  hours  and  progresses  rap- 
id'.y.  Uix>a  the  .«•!-/'•  itv  of  agar  sl  thick,  white  mass  develops  along  the 
tr.uk  of  the  ir.ivuiatins:  ne*>rile.  ^'po'*  P'^tato  small  colonies  the  sire  of  a 
y::\"s  head  are  dfveIo;>xi  alonsr  the  line  of  inoculation  and  extend  over  th«' 
♦  :.::re  surtiK^,  In  ?m.v  a  scanty  development  occurs:  the  milk  is  not  coa^ii- 
lau-d  aud  no  acid  is  fi^nued. 

4o.*.    BACILLUS  IXCAXUS  (Pohl). 

Ol^laiiitxi  from  swan^p  walw*. 

A/i>"t  'I'V^ry — Rao:l:i  1.7  «  long  and  0.4  u  l»oad. 

i>.tV"v'A'*'  c  ^a't^o.VnsL— An  aerobic.  liqHefuinq^  lightly  motile  bacillus. 
In  <ff\.iT»n  s^ick  cn^turrs  gn>wth  occurs  along  the  line  of  puncture  and  upon 
tV.e  s:irfaoe  as  a  r?^yi>h-^hite,  elevated  mass.  At  the  «id  of  forty-eifrht 
l:oursi  slirh:  Ii^uefao:ivMi  is  observed;  this  prop^esses  very  slowly.  Upon  the 
.<*,'**.i»v  of  ayd'r  a  jrravish-white,  pranuiar  mass  is  devel<^[wd  alon|^  the  track 
of  the  iuvvuljiuru:  needle.    Upon  potato sl  gray,  viscid  layer  isfomied,  which 
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<)uicklv  extends  over  the  entire  surface.     Does  not  produce  an  acid  reaction 
in  milK. 

460.    BACILLUS  INUNCTUS  (Pohl). 

Obtained  from  swamp  water. 

Morphnloqy. — Bacilli  3.6  ^  long  and  0.8  to  0.9  n  broad. 

Biotogiccu  Characters. — An  aerobic  oxid  facultative  anaerobic,  liquefy- 
ing,  motile  bacillus.  Spore  formation  not  observed.  Upon  gelatin  plates 
forms  oval  or  round  colonies  with  a  smooth  marg^in  and  oily,  shining  ap- 
pearance. In  gelatin  stick  cultures  grows  along  me  line  of  puncture,  and 
below  the  growth  has  a  radiating  appearance;  upon  the  surface  a  thick, 
white,  shining  layer  is  quickly  formed;  later  liquefaction  commences  and 
progresses  slowly.  Upon  the  surface  of  aaar  white,  cloud-like  masses  are 
formed  along  the  streak.  Upon  notato  a  white,  slimy  mass  is  formed  which 
soon  covers  the  entire  surface.  In  milk  an  acid  reaction  is  produced  by  the 
growth  of  this  bacillus,  but  no  coagulation  occurs.  In  Pasteur's  solution  con- 
taining cane  sugar  or  starch  an  abundant  development  of  alcohol  occurs. 

461.    BACILLUS  FLAVESCBNS  (Pohl). 

Obtained  from  swamp  water  (1892). 

Morpholoay,^Ba/ci\h  2.1  to  2,2  ft  long  and  0.8  a  broad. 

Biological  Characters.^ An  airobiCy  non-liqusfying,  chromogenic^ 
slightly  motile  haciUns,  Spore  formation  not  determine.  Forms  a  j^ellow 
pigment.  Upon  gelatin  plates,  at  the  end  of  four  days,  colonies  are  visible ; 
these  are  yellow,  granular,  and  attain  the  size  of  a  pin's  head.  In  aelatin 
stick  cultures  it  grows  along  the  line  of  puncture,  and  slowly  extends  over 
the  entire  surface.  Upon  the  surface  of  agar  small,  solitary,  vellow  colo- 
nies are  developed  along  the  track  of  the  needle.  Upon  potato  development 
is  somewhat  more  rapid,  and  at  the  end  of  four  davs  the  entire  surface  is 
covered  with  a  slimy,  yellow  layer.  Gelatin  colored  blue  with  litmus  is  de- 
colorized without  tHe  previous  change  of  color  to  red.  In  milk  an  acid  reac- 
tion is  produced  without  coagulation. 

462.   BACILLUS  BUTYRICUS  OF  BOTKIN. 

Obtained  by  Botkin  in  anaerobic  cultures  from  milk,  from  hydrant  wa- 
ter, well  water,  garden  earth,  and  dust. 

Morphology. — In  agar  and  gelatin  cultures  containing  one  and  one- half 
per  cent  of  grape  sugar  the  bacilli  are  0.5  /*  long  and  1  to  3  /i  in  diameter, 
with  round  ends;  they  are  often  united  in  pairs  or  in  chains  of  three;  in 
liquid  media  they  are  not  so  thick,  and  often  attain  a  length  of  10  jii  or  more, 
without  segmentation ;  long  chains  may  also  be  observed.  The  spores  are 
located  in  the  centre  of  the  rods,  or  occasionally  at  one  extremity ;  they  vary 
greatly  in  their  dimensions;  the  diameter  is  usually  about  1  M  and  the 
length  2  to  3  //.     In  old  cultures  various  involution  forms  are  seen. 

Staitis  with  the  usual  aniline  colore. 

Biological  Characters.— An  anaerobic,  liquefying,  slightly  motile  ba- 
cillus. Forms  large  oval  spores,  which  have  a  nigh  resisting  power  for 
heat.  To  obtain  pure  cultures  Botkin  subjects  milk  containing  this  bacillus 
to  the  boiling  tenii)erature  —in  the  steam  'sterilizer— for  half  an  hour.  The 
si)ores  resist  this  temperature,  and  the  flask  containing  the  milk  is  hermeti- 
cally sealed  and  placed  in  an  incubating  oven  at  37**  C.  At  the  end  of  twelve 
hours,  as  a  rule,  fermentation  commences;  the  casein  is  coagulated  and  col- 
lects, together  with  the  fat,  at  the  upper  part  of  the  flask,  while  a  clear,  yel- 
lowish .serum  is  seen  below ;  there  is  an  abundant  development  of  gas.  The 
most  favorable  temperature  for  growth  is  37"  to  38"  C,  but  development 
TOay  occur  at  temperatures  ranging  from  18**  to  42*'  C. ;  at  18*  development 
is  veiy  slow  and  usually  no  gas  is  formed.    In  culture  media  containing 
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starch  many  of  the  bacilli,  at  the  end  of  two  or  three  days,  contain  granules 
which  acquire  a  deep-blue  color  when  treated  with  iodine  solution.  Upon 
agar  plates  (with  1.5  per  cent  of  grape  sugar),  in  an  atmosphere  of  hyaro- 
gen,  colonies  are  developed  in  fifteen  to  eijghteen  hours,  which  under  the 
microscope  are  seen  to  be  round  or  elliptical  in  form  and  to  consist  of  closely 
interwoven  filaments;  as  a  rule,  the  mar^nsare  not  well  defined,  and  radiat- 
ing fihuneiits  are  given  off  from  the  felt^ike  colony.  In  deep  stick  cultures 
in  agar,  growth  commences  at  a  depth  of  one  and  one-half  centimetres  below 
the  surface:  later,  when  the  oxygen  is  displaced  by  the  gases  produced,  it 
approaches  the  surface.  The  growth  along  the  line  of  puncture  has  an  ir- 
regular outline  with  wave-like  projections.  In  gelatin  (with  1.5  per  cent  of 
grape  sugar)  growth  begins,  in  deep  stick  cultures,  about  two  centimetres 
below  the  surface;  much  gas  is  developed  and  the  gelatin  is  auickhr  lique- 
fied. In  bouillon  (with  1.5  per  cent  of  grape  sugar)  an  abundant  aevel(»p- 
ment  occurs  within  twentv-four  hours  in  an  atmosphere  of  hydrogen.  The 
fluid  becomes  clouded  ana  much  gas  is  developed;  at  the  end  of  Uiree  davH 
the  fermentation  ceases^  the  bouiflon  becomes  clear,  and  a  thick,  white  de- 
posit is  seen  at  the  bottom  of  the  tube.  In  milk^  contained  in  flasks  oom- 
pletelv  full,  and  from  which  the  oxy^n  has  been  expelled  by  boiling, 
growt'h  commences  near  the  bottom,  where  at  the  end  of  fifteen  hours  a 
transparent  layer  of  serum  is  seen,  from  which  numerous  gas  bubbles  are 

fivenoff;  the  fermentation  processes  rapidly,  and  at  the  end  of  eighteen 
ours  the  i-oagulated  casein  and  particles  of  fat  have  accumulated  at  tlie 
upper  part  of  the  flask;  the  pressure  of  gas  is  so  g^^^at  that  many  of  the 
flasks  are  blown  into  fragments:  at  the  end  of  a  week  development  has 
ceaseil  and  the  casein  is  almost  entirely  dissolved,  the  contents  of  the  flask 
ci>nsisting  of  a  transparent  yellowish  fluid,  with  spongy  masses  of  fatty 
material  upi>n  the  surface  and  a  flocculent,  white  deposit  at  the  bolt4>m. 
Upon  jnytiito,  in  an  atmosphere  of  hydrogen,  development  occturs  in  the  in- 
terior of  the  potato,  but  not  upon  the  surface. 
Not  patho^nic. 

Xote. — BiUkiu  is  not  able  to  identify  the  bacillus  described  by  him  wiiii 
butyric-acid  bacilli  described  by  Pasteur,  Cohn,  Hueppe.  and  other  auth<»rs, 
which  for  the  most  part  have  been  cultivated  only  in  liquid  media.  He  n- 
marks  that  it  is  differentiated  from  Clostridium  *butyricum  of  Prazmowski 
l^Vibri<Hi  butyrique  of  Pasteur)  by  the  fact  that  it  does  not  decompose  cellu- 
k>se  or  salts  of  lactic  acid.  It  cK^sely  resembles  a  butyric-acid  ferment  de- 
scribed by  Pertlrix,  but  is  differentiated  from  it  by  the  fact  that  the  bacillus 
of  l*erdrik  does  not  liquefy  gelatin. 

403.   CROBACILLrS  PASTECRI  (Miquel). 

Obtained  by  Miquel  from  decomposed  urine. 

yfjrpholixfy.^BAciWi  ditfering  greallv  in  dimensions  in  different  media— 
the  diameter  may  be  as  much  as  1.:^  #f.  In  urine  to  which  two  per  cent  of 
urea  has  been  jiiided  it  is  usually  seen  in  the  form  of  short  roos  united  in 
chains  of  two  to  six  eleinentSL  In  gelatin  cultures  containing  urea  the  Ita- 
cifii  are  from  4  to  6  u  Uftiig  and  are  usually  in  nairs. 

i?iW»>7*>i/  Chamcttnf.—An  aerobic,  fiquefifing^  mofile bacillus.  Form* 
sprierii-ai  >;p^>res.  iisuaiiy  solitary,  and  situated  at  one  extremity  of  the  rotl. 
iin^wsat  trie  nxnu  temwrature  in  the  usual  culture  media  when  these  are 
made  a'kaline  by  tlie  a<ldition  of  ammonia,  or  when  urea  is  added.  In  gela- 
tin iihitr.<  ct^ntaiuincT  urea  minute  colonies  are  developed  within  twenty- four 
hours  and  an  amnion  iaoal  odor  is  given  off:  under  a  low  power  the  colonic** 
are  ah^ii  to  be  spherii-al  or  oval,  yellowish,  and  surrotmded  by  dumbbell- 
shai^tl  orvvtaU:  at  the  end  of  ei^hi  days  the  gelatin  commences  to  liquefy. 
and  after  a  time  ha-^  the  CiMisistence  of  castor  oil.  In  ordinary  flesh-peplone- 
irt^laiin  no  develoument  occurs,  uni-*ss  the  medium  has  a  di>tinctly  alkaline 
rwwtiou.     No  growth  ivcurs  in  the  usual  agar-agar  medium,  but  when  area. 
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is  added  an  abundant  development  occurs,  and  numerous  very  minute  crys- 
tals are  scattered  through  the  culture  medium.  In  tirine  alkaline  fermenta- 
tion is  quickly  induct,  and  an  abundant  deposit  of  crystals  of  ammonio- 
ma^nesian  phosphate  and  of  alkaline  urates,  together  with  the  bacilli, 
accumulates  at  the  bottom  of  the  test  tube ;  this  deposit  acquires  a  blackish 
color.  The  most  favorable  temperature  for  the  growth  of  this  bacillus  is  SO"* 
to  40°  C. 

464r.    UROBACILLUS  DUCL.AUXI  (Miquel). 

Obtained  by  Miquel  (1879)  in  the  water  of  sewers,  and  subsequently  in 
river  water — very  common  and  widely  distributed. 

Morphology, — Slender  filaments,  fix>m  0.6  to  0.8  in  diameter  and  from 
2  to  10  /i  long.  In  alkaline  bouillon  it  may  attain  a  diameter  of  1  /< ;  the  ba- 
cilli are  frequently  united  in  chains. 

Biological  Characters. — Anaerobic  and  facultative  anaerobiCy  motile  ^ 
liquefying  bacillus.  The  movements  are  comparatively  slow.  Forms 
spores  located  at  the  centre  of  the  rods,  which  then  are  spindle-shaped.  De- 
velops most  rapidly  at  40"  C.  No  development  occurs  at  5^  C,  but  at  8^  to 
10^  tne  fermentation  of  a  culture  medium  containing  urea  is  accomplished  in 
about  a  month,  and  at  20°  in  two  or  three  days.  Does  not  grow  in  ordinary 
bouillon  or  nutrient  gelatin,  but  grows  in  the  usual  culture  media  when  they 
are  rendered  alkaline  by  the  addition  of  ammonia,  or  when  urea  is  addea. 
In  nutrient  gelatin  containing  urea  numerous  small,  white  colonies  are  de- 
veloped along  the  track  of  the  needle,  and  a  quantity  of  minute  crystals  are 
scattered  through  the  culture  medium.  At  the  end  of  three  or  four  months 
the  ^latin  medium  is  transformed  into^  a  transparent,  ammoniacal,  syrupy 
liquid.  In  alkaline  gelatin  not  containing  urea  liquefaction  does  not  occur. 
In  bouillon  made  alkaline  by  the  addition  of  ammonia,  growth  occurs,  caus- 
ing the  liquid  to  become  clouded  within  twenty-four  houre;  later  an  abun- 
dant sediment  accumulates  at  the  bottom  of  the  tube,  the  liquid  becomes  vis- 
cid and  gives  off  a  disagreeable  odor. 

465.    UROBACILLUS  PREUDENREICHI  (Miquel). 

Obtained  by  Miquel  from  the  air,  from  dust,  from  sewer  water,  etc. 

Morphology, ^Closely  resembles  Urobacillus  Pasteuri,  but  forms  lon^r 
chains  and  lias  more  active  movements.  The  rods  are  from  1  to  1.3  /i  thick 
and  have  rounded  extremities  ;  the  length  varies  considerably,  but  in  recent 
cultures  is  usually  5  to  6  /i.  Under  favorable  conditions  of  temperature, 
30^  C,  actively  motile  filaments,  consistinsf  of  six  to  ten  elements,  ai*e  de- 
veloped in  alkaline  bouillon  ;  upon  solid  media  long  filaments,  composed 
of  comparatively  short  elements  and  quite  motionless,  are  developed. 

Biological  (Jharacters, — An  aerobic,  liquefying,  motile  bacillus.  Forms 
spores.  The  most  favorable  temperature  for  the  development  of  this  bacillus 
is  from  33''  to  35'  C.  As  a  ferment  of  urea  it  is  ten  times  less  active  than 
Urobacillus  Pasteuri.  In  nutrient  gelatin,  at  20"  C  ,  development  occurs 
upon  the  surface  as  a  milk-white  growth,  which  is  visible  at  the  end  of  two 
days,  and  later  forms  a  layer  with  irregular  outlines  having  a  diameter  of 
three  to  four  millimetres  ;  but  little  development  occurs  along  the  track  of 
the  inoculating  needle  ;  liquefaction  commences  at  the  surface  at  the  end 
of  eight  to  ten  days  and  progresses  slowly  ;  at  the  end  of  thirty  to  forty 
days  the  gelatin  is  completely  liquefied,  it  is  of  a  pale-yellow  color  and  quite 
viscid  ;  an  abundant  white  deposit  accumulates  at  the  bottom  of  the  tul>e. 
JJpon.  gelatin  plates  (containing  urea)  small,  spherical,  white  colonies  are 
developed  in  two  op  three  days;  these  gradually  increase  in  dimensions 
and  are  surrounded  by  an  aureole  of  minute  crystals;  later  the  development 
ceases  and  the  bacilli  are  killed  by  an  excess  of  carbonate  of  ammonia  re- 
sulting from  the  decomposition  of  the  urea.  In  neutral  bouillon,  at  the  end 
of  two  or  three  days,  a  slight  cloudiness  is  developed,  and  later  a  scanty 
white  deposit  is  seen  at  the  bottom  of  the  tube. 
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466.  UEOBACILLUS  HADDOXi  (Miquel). 

Obtained  from  sewer  water  and  from  river  water— relatively  rare. 

Morphology. — Bacilli  with  round  ends,  1  u  thick  and  3  to  6  M  lon^f ;  in 
old  cultures  the  bacilli  are  often  seen  as  oval  or  spherical  cells  having  a 
diameter  of  6  to  8  A ;  in  solid  media  the  length  is  usually  from  2  to  3  /<. 

Biological  Characters. — An  aerobic^  liquefying ^  motile  bacillus.  Forms 
spores.  Grows  best  at  38'  C,  but  causes  fermentation  of  urine  at  the  end 
of  several  days  at  a  temperature  as  low  as  10"  C  In  nutrient  gelatin  it 
usually  fails  to  grow,  but  occasionally  a  scanty  development  occurs  alon? 
the  track  of  the  needle  in  the  form  of  small,  spherical  colonies.  In  nutrient 
gelatin  containing  urea  the  line  of  inoculation  is  marked  by  numerous  crys- 
tals, which  are  seen  at  the  end  of  twenty  hours,  although  the  growth  of  t]ie 
bacilli  is  scarcely  apparent.  In  gelatm  plates  containing  urea  verv  small, 
spherical,  opaque,  whitish  colonies,  surrounded  by  crystals,  may  be  seen 
under  a  low  power.  In  nutrient  agar  containing  urea,  at  30"  to  35'  C,  a 
laver  is  formed  upon  the  surface,  which  is  at  first  white  and  later  of  a  grayish- 
yellow  color.  In  bouillon  which  is  slightly  alkaline  it  grows  rapialv,*and 
{produces,  at  the  end  of  two  days,  a  dense  turbiditv  of  the  culture  liquid; 
ater  an  abundant  glairy  sediment  accumulates  at  the  bottom  of  the  tube. 
In  one  litre  of  bouillon  an  amount  of  soluble  ferment  is  produced  by  this 
bacillus  which  is  capable  of  decomposing  sixty  to  eighty  grammes  of  urea 
in  the  course  of  two  or  three  hours. 

467.   UROBACILLUS  8CHUTZENBERQI   (Miquel). 

Obtained  by  Miquel  from  river  water  and  from  the  water  of  sewers. 

Afoi^/io/ogry.— Small  oval  bacilli  about  0.5  m  thick  and  1  u  long;  usuaUy 
united  m  pairs. 

Biological  Characters,— Aix  aerobic,  liquefying,  motile  bacillus.  Spore 
formation  not  observed.  In  nutrient  gelatin,  at  20"  C,  liquefacdon  in  cup 
shape  occurs  at  the  surface  and  progresses  rapidly,  being  complete  by  the  end 
of  ten  days.  In  gelatin  containing  two  per  cent  of  urea  liquefaction  com- 
mences at  tiie  surface  and  numerous  ciystiEds  are  formed  in  the  solid  portion 
of  the  culture  medium ;  growth  is  soon  arrested  by  the  antiseptic  action  of 
the  products  developed.  In  gelatin  plates  small,  translucent^  spherical 
colonies  are  developed,  which  increase  rapidly  in  size  and  acquire  a  milky 
appearance;  when  tne  colonies  reach  the  surface  liquefaction  rapidly  occurs; 
when  the  gelatin  contains  urea  the  colonies  cease  growing  after  attaining  a 
diameter  of  one  to  two  millimetres,  and  they  are  surrounded  by  a  zone  of 
crystals.  Upon  nutrient  ct^gar,  at  28**  to  30*  C,  development  occurs  in  the 
form  of  a  whitish  layer  with  a  slightly  greenish  tint  In  bouillon,  at  the 
end  of  twenty-four  hours,  the  medium  becomes  clouded:  later  a  thin  pelliclt^ 
forms  upon  the  surface  and  extends  upward  for  a  short  distance  upon  the 
walls  of  the  test  tube;  the  bouillon  remains  clouded  for  sevend  weeks. 
When  urea  is  added  to  peptonized  bouillon  development  is  still  more  abun- 
dant, but  ceases  at  the  end  of  four  or  live  days  and  the  liquid  becomes  en- 
tirely transparent. 

468.   BACILLUS  OF  BOVET. 

Obtained  by  Bovet  (1891)  from  tlie  intestine  of  a  woman  who  died  of  an 
acute  enteritis  with  choleraic  symptoms. 

Morphology. — ^Bacilli  from  1  to  1.5  ;i  thick  and  2  to  4  /i  long,  laolated  or 
in  pairs. 

Stains  with  carbol-fuchsin  solution. 

Biological  Char(xcters.—An  aerobic^  non-liquefying,  moiHe  bacillus. 
Spore  formation  not  observed.  Grows  in  the  usual  culture  media  at  the 
room  temperature— more  rapidly  at  37'  C.  In  nutrient  gelatin,  at  15'  to  IS* 
C,  a  gravish-white,  somewhat  translucent  layer  with  irregular  outlines  b 
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developed  in  two  or  three  days;  along  the  line  of  the  inoculating  needle  in 
stick  cultures  a  granular  growth  is  seen  which  has  a  brownish-gray  color. 
Upon  aaar  the  surface  growth  is  similar  to  that  upon  gelatin  and  quickly 
covers  the  entire  surface.  When  the  culture  medium  contains  sugar  or  gly- 
cerin lenticular  bubbles  of  gas  are  formed  in  it.  Upon  potato  a  thick  layer 
is  developed  resembling  pur^  of  peas,  but  not  so  decided! v  yellow  in  color; 
in  old  cultures  the  color  is  a  dirty-gray.  In  anaerobic  cultures  a  scanty  de- 
velopment occurs. 

PatJiogenesia.—SuhcutAneoua  injections  in  rabbits  or  guinea-pigs  gave  a 
negative  result.  Intraperitoneal  injections  in  guinea-pigs  pi-oduce  peritoni- 
tis and  death. 

4G9.  BACILLUS  SCHAFFERi  (Freudenreich). 

Obtained  by  Freudenreich  from  cheese  and  from  fermenting  potato- 
fragments  of  raw  potato  in  water. 

Marpfiology.^BsLciUi  about  1  u  thick  and  from  2  to  3  /i  long;  in  old  cul- 
tui-es  long  filaments  are  common — 20  to  25  //. 

Stains  well  with  the  usual  aniline  colors;  in  gelatin  cultures  tlie  rods 
are  frequently  only  partly  stained ;  generally  the  central  portion  is  stained 
while  the  poles  remain  unstained,  but  occasionally  one-half  is  colored,  or 
two  stainedf  portions  may  be  separated  by  a  clear  space.  Does  not  stain  by 
Gram's  method. 

Biological  Cliaractera.— An  aerobic  and  facultative  anaJerobic,  non-U- 
quefuing,  motile  bacillus.  Spore  formation  not  observed.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates,  at  the 
end  of  two  or  three  days,  punctiform,  yellowish  colonies  are  developed; 
under  a  low  power  these  are  seen  to  be  granular,  pale-yellow,  and  spherical 
or  ii-regular  in  outline ;  upon  the  surface  the  colonies  are  elevated,  circular 
in  outline,  and  porcelain- white  in  color;  when  widely  8eparate<l  they  may 
iinally  attain  the  size  of  a  two-franc  piece—with  very  irregular  margins; 
under  a  low  power  these  large  colonies  are  seen  to  be  granular,  and  to  nave 
a  yellowish  centre  with  pale  margins.  The  colonies  are  not  viscid  and  are 
easily  detached  from  the  surface  with  a  platinum  needle.  In  stick  cultures 
in  nutrient  gelatin  a  layer  is  developed  upon  the  surface  which  at  first  is 
nearly  transparent;  later  this  has  a  grayish  color  and  extends  over  the  entire 
surface;  the  growth  along  the  line  of  puncture  extends  to  the  bottom,  but 
is  not  characteristic.  Upon  aaar  a  grayish  layer  is  developed,  which  later 
sometimes  acquires  a  brownish  color,  especially  alon^  the  line  of  puncture. 
Upon  potato  a  moist,  yellowish  layer  is  aeveloped ;  this  remains  smooth  and 
is  without  gas  bubbles.  In  houillon,  at  37°  C,  development  occurs  within 
five  or  six  hours,  causing  turbidity ;  when  milk  sugar  is  added  to  the  pepton- 
ized bouillon  there  is  a  development  of  gas,  and  bubbles  are  given  otf  in 
abundance  when  the  culture  is  agitated.  Culture  media  containing  sugar 
acquire  an  acid  reaction;  at  the  end  of  several  days  a  pellicle  is  formed  upon 
the  surface,  which  later  falls  to  the  bottom.  In  steriUzed  milk  development 
is  not  abundant,  but  milk  filtered  through  porcelain  is  a  favorable  culture 
medium ;  an  acid  reaction  is  produced,  but  coagulation,  as  a  rule,  does  not 
occur— sometimes  an  imperfect  coagulation  occurs.  This  bacillus  dies  out 
in  cultures  in  two  or  three  weeks,  and  does  not  resist  desiccation  longer  than 
forty-seven  to  fifty  days.  It  is  killed  by  a  temperature  of  70^  C.  maintained 
for  fifteen  minutes.  According  to  Freudenreich,  this  bacillus  closely  re- 
sembles Bacillus  coli  communis,  but  is  distinguished  from  it  by  the  fact  that 
it  is  actively  motile,  and  by  its  ability  to  grow  in  solutions  of  milk  sugar  iA 
the  absence  of  oxygen,  also  by  not  being  pathogenic  for  guinea-pigs  when 
injected  into  the  peritoneal  cavity. 

470.  BACILLI  OF  GUILLEBEAU  (a,  6,  and  c). 
Obtained  by  Guillebeau  from  the  milk  of  cows  suffering  from  mastitis, 
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and  found  by  Freudenreich  to  produce  an  abnormal  fermentation  of  ehee^v, 
characterized  by  the  presence  of  large  cavities  (*'  boursouilement  '•)  and  by 
a  very  bad  taste. 

BACILLUS  a. 

Morphology. — Varies  considerably  in  size,  and  may  resemble  a  micrococ- 
cus in  form ;  usually  1  A  broad  and  1  to  2  A  long. 

Stains  with  the  usual  aniline  colors,  but  rather  feebly;  does  not  stain  by 
Gramas  method. 

Biological  Characters,— An  cierobic  stnd  fcuitUtative  anaerobic,  slightly 
motile,  rum-liquefyinq  bacillus.  Spore  formation  not  observed.  Grows  in 
the  usual  culture  media  at  the  room  temperature.  Upon  gelatin  plates  the 
deep  colonies  are  spherical,  granular,  and  yellowish  in  color;  upon  the  sur- 
face they  are  round  and  granular  at  first,  later  they  become  opaque  and  re- 
semble a  drop  of  wax.  In  gelatin  stick  cultures  development  occurs  all 
along  the  line  of  puncture,  and  u^n  the  surface  a  whitish  layer  is  formed. 
Upon  agar  a  grayish -white  layer  is  developed.  Upon  potato  a  tliick,  yel- 
lowish layer  is  formed;  this  is  viscid  ana  contains  numerous  gas  bubbles. 
In  milk  coagulation  is  produced  at  the  end  of  twenty-four  hours,  and  an 
abundance  of  gas  is  eiven  off.  In  bouillon  containing  milk  sugar  it  mul- 
tiplies abundanUy  and  a  largequantity  of  ffas  is  liberate.  Grows  best  at  a 
temperature  of  30°  to  35"  C.  Thermal  deam-point  60°  C— fifteen  minutes' 
exposure. 

BACILLUS  6. 

Morphology, — Resembles  bacillus  a;  bacilli  from  1  to  2  /*  long  and  about 
1 M  thick. 

Biological  Characters, — An  oBrcbic  and  facultative  anaerobic,  liottefy- 
ing,  motile  bacillus.  Is  differentiated  from  a  by  the  fact  that  it  causes  lique- 
faction of  nutrient  gelatin  after  an  interval  of  several  weeks,  and  by  the  fact 
that  the  young  colonies  upon  gelatin  plates  are  quite  viscid.  Spore  forma- 
tion not  observed.  Thermal  death-point  80°  Cf. — five  minutes*  exposure. 
An  abundance  of  gas  is  given  off  from  cultures  containing  milk  sugar. 

BACILLUS  C. 

Morphology, — Short  bacilli;  often  oval  or  even  spherical  in  form;  about 
1  fi  long. 

Biological  Characters. — An  aerobic,  nonrliquefying  bacillus.  Spore 
formation  not  observed.  Upon  gelatin  plates  colonies  are  developed  which 
resemble  those  of  bacillus  a,  but  are  more  coiirsely  CTanular;  the  colonies 
are  very  adherent  and  difficult  to  remove  from  the  culture  medium.  Upon 
agar  a  viscous,  white  layer  is  developed.  Upon  potato  the  growth  is  of  a 
yellowish-white  color  and  similar  to  that  of  a  and  o,  with  gas  nubbles;  it  is 
very  adherent.  In  liquid  media  the  growth  of  this  bacillus  causes  the  cul- 
ture liauid  to  become  extremely  viscous  and  almost  gelatinous  in  consistence. 
In  milk  coagulation  occurs  at  the  end  of  sixty  hours  at  37°  C,  and  the  milk 
then  loses  its  viscosity. 

471.  MICROCOCCUS  FREUDENREICHI  (Guillebeau). 

Obtained  from  milk  which  had  undergone  viscous  fermentation* 
Morphology, — Micrococci  having  a  diameter  of  2  /^^  solitary  or  in  chains. 
Biological  Characters. — An  aerobic  and  facultative  anaerobic,  liquefy- 
ing micrococcus.  Grows  best  at  a  temperature  of  20®  C.  Upon  gelatin 
plates  made  with  milk  serum,  punctiform,  granular  colonies  are  developed 
at  the  end  of  thirty-six  hours;  when  touched  with  the  platinum  needle  these 
may  be  drawn  out  into  lon^  threads;  soon  after  the  gelatin  commences  to 
liquefy  and  becomes  very  viscous.     Upon  potato  the  growth  is  sometimes 
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in  the  form  of  a  thin  layer  having  numerous  vacuoles;  sometimes  a  thick 
and  shining  layer  is  developed  which  has  a  pale  sulphur-yellow  color  or  is 
of  a  dull-brown  mixed  with  yellow.  In  bouillon  a  cloudy  opacity  is  first 
developed;  later  a  flocculent  deposit  is  seen  and  the  liquid  above  is  limpid; 
it  is  slightly  viscid.  In  sterilized  milk  the  viscositv  produced  is  so  great 
that,  in  old  cultures,  threads  may  be  drawn  out  whicn  are  severed  metres  in 
length.  Non-sterilized  milk  becomes  viscous  at  the  end  of  five  hours ;  later 
it  becomes  acid,  and  at  the  end  of  several  da^rs  the  casein  is  coagulated  and 
is  seen  as  agranular  precipitate,  above  which  is  a  limpid  and  viscous  serum; 
at  this  time  the  milk  lias  acquired  a  disagreeable  odor. 

472.  BACTERIUM  HESSii  (GuiUebeau). 

Obtained  from  the  milk  of  a  cow  in  the  Alps,  at  an  altitude  of  twelve 
hundred  metres. 

Morphology, — ^Bacilli  from  3  to  5  //  long  and  1.2  )m  thick  (from  potato  cul- 
tures) ;  shorter,  nearly  spherical  elements  are  also  seen  in  considerable  num- 
bers, and  occasionally  long  filaments ;  the  ends  are  round  and  stain  more 
deeply  than  the  central  portion. 

Biological  Characters. — An  aerobic,  liquefying^  motile  bacillus.  Forms 
spores.  Grows  in  the  usual  culture  media  at  the  room  temperature.  In 
nutrient  gelatin  containing  serum  from  milk,  colonies  are  developed  upon 

Elates  at  the  end  of  a  few  hours ;  these  at  first  have  well-defined  outlines, 
ut  later  are  made  up  of  interlacing  filaments;  after  liquefaction  of  the  gela- 
tin the  colony  floats  upon  the  surface ;  liquefaction  progresses  rapidly  and 
the  liquefied  gelatin  may  be  drawn  out  into  threads.  Upon  potato  a  shin- 
ing layer  is  developed  of  a  dull-white  color,  which  later  acquires  a  brownish 
tint.  Bouillon  without  sugar  is  rapidly  transformed  into  a  viscous  mass 
having  an  alkaline  reaction.  In  milk  an  acid  reaction  is  produced  and  the 
casein  is  precipitated  at  the  end  of  two  days.  The  viscosity  produced  in 
milk  is  less  than  that  produced  by  the  species  previously  described,  and  dis- 
appears at  the  end  of  two  days  in  milk  kept  at  a  temperature  of  35°  C.  In 
olQ  cultures  in  bouillon  a  disagi'eeable  odor  is  developed,  said  to  resemble 
trimethylamin. 

473.    BACILLUS  DENITRIFICANS. 

Obtained  by  Giltay  and  Aberson  from  the  soil  and  from  the  air.  Resem- 
bles Bacterium  denitrificans  of  Gayou  and  Dupetit. 

Morphology.— B&cilliy  usually  in  pairs,  1.5  /i  to  3  /<  long  and  0.5  /«  broad. 

Biological  Characters, — Completely  decomposes  nitrates,  producing  ni- 
trogen monoxide  as  well  as  pure  nitrogen.  The  reducing  action  of  the  fer- 
ment is  favored  by  the  presence  of  carlK»nate  of  lime  in  the  culture  medium. 
Grows  in  ordinary  nutrient  gelatin.  Also  cultivated  in  the  following  me- 
dium :  Nitrate  of  potash  two  grammes,  glucose  two  grammes,  sulphate  of 
magnesia  two  grammes,  citric  acid  five  grammes,  monophosphate  of  potash 
two  grammes,  calcium  chloride  0.2  gramme,  two  drops  of  a  solution  of  per- 
chloride  of  iron,  and  one  litre  of  water. 

474.   BACILLUS  CYANO-PUSCUS. 

Obtained  by  Beyerinck  from  size  and  glue  and  Edam  cheese. 

Morpholoqy. — Bacilli  from  0.2  to  0.6  /«  long  and  one-half  as  thick. 

Biological  Characters. — An  aerobic ^  chromogenic,  liquefying^  motile 
bacillus.  Grows  in  the  usual  culture  media  at  the  room  temperature. 
Spore  formation  not  observed.  When  cultivated  in  a  solution  containing 
one-half  per  cent  of  peptone  the  culture  medium  acquires  at  first  a  gi-een 
color,  which  later  changes  to  blue,  brown,  and  black;  subsequently  the  color 
is  almost  entirely  lost.    In  nutrient  gelatin  containing  one- half  per  cent  of 

Eeptone  circular  colonies  are  developed  which  are  surrounded  by  a  zone  of 
lack  pigment  and  in  which  crystals  of  lime  are  formed. 
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475.   BACILLUS  PYOGENES  SOLI. 

Obtained  by  Bolton  from  garden  earth  by  inoculation  into  a  rat.  Found 
in  association  with  the  tetanus  bacillus  in  pus  from  the  inoculation  wound. 

Moi^hology. — Closely  resembles  the  bacillus  of  diphtheria.  ''  It  presents 
the  same  irregularities  of  shape,  and  the  transverse,  unstained  clear  spaces 
in  stained  preparations,  as  the  diphtheria  bacillus.  The  individual  bacilli 
vary  greatly  in  length  and  thickness,  and  many  of  them  are  bent  and  nar- 
rower through  the  middle  than  at  the  poles." 

Stains  readily  with  the  usual  aniline  colors,  but  takes  the  stain  irreffularly. 
sometimes  showing  deeply  stained  spots  which  may  be  perfectly  round.  D(»es 
not  stain  by  Gramas  method. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liqttefying,  non-motile  bacillus.  Spore  formation  not  observed  with  cer- 
tainty—highly  refractive  ovoid  bodies  are  sometimes  met  with,  but  these  do 
not  seem  to  be  specially  resistant  to  heat.  In  gelatin  roll  tubes  very  small, 
sphencal  colonies  are  developed,  which  under  a  low  power  are  seen  to  be 
&iely  granular  and  to  have  a  lemon-yellow  color.  Grows  best  in  a  slightlv 
acid  medium — very  slowly  at  the  room  temperature.  In  gelatin  stick  cul- 
tures isolated  colonies  are  formed  along  the  line  of  puncture.  Scanty  growth 
on  potato  or  blood  serum,  Bolton  says :  '  *  I  have  rarely  succeeded  in  geUing 
a  growth  in  agar." 

Pathogenesis. — Subcutaneous  inoculations  in  rats,  ^fi^y  mice,  rabbits, 
and  usually  in  white  mice  i>roduce  an  abscess  at  the  point  of  inoculation. 
Injections  into  the  ear  veins  of  rabbits  sometimes  give  rise  to  multiple  ab- 
scesses, esi)ecially  in  the  joints  and  kidneys.  ^ '  The  abscesses  following  sub- 
cutaneous inoculation  form  very  quickly,  within  twenty-four  hours,  and  run 
a  longer  or  shorter  course,  from  forty-eight  hours  to  eight  or  ten  days;  in 
dii*ect  proportion  to  the  amount  of  the  culture  introduced.  The  animals  do 
not  seem  to  suffer  any  inconvenience,  as  a  rule,  and  after  the  abscess  is 
opened  suppuration  ceases.  The  organism  is  found  ag^gated  in  small  and 
lai"ge,  irregular  clumps  in  the  pus,  many  of  them  lying  in  the  pus  corpuscles. 
It  seems  to  form  metastatic  abscesses  only  under  exceptional  circumsiancesi. 
such  as  when  injected  directly  into  the  blood.  Otherwise  the  abscess  remains 
strictly  confined  to  the  seat  of  inoculation  in  rabbits,  white  rats,  and  gray 
mice.'* 

476.   MICROCOCCUS  AQUATILIS  INVISIBILIS. 

Obtained  by  Yaughan  from  water. 

Morphology. — Oval  cocci. 

Biological  Characters. — An  aerobic,  non-liquefying  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature,  but  feebly  at  38"  C.  On 
gelatin  plates  deep  brown  colonies  with  smooth  outline,  spreading  irregu* 
larly  ui)on  the  surface.  In  gelatin  tubes  there  is  a  scanty  growth  iQong  the 
line"  of  puncture  and  a  spreading  growth  upon  the  surface.  On  agar  a  thin, 
white  growth.    The  growth  upon  potato  is  invisible. 

Not  pathogenic. 

477.   BACILLUS  GRACILIS  ANAMROBIESCENS. 

Obtained  by  Yaughan  from  water. 

Morphology. — *'  Bacilli  three  times  as  long  as  broad,  often  growing  into 
lon^.  slender  rods.'' 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.  Grows  rapidly  in  the  usual  culture 
media  at  Uie  room  temperature— feebly  at  38'  C.  Upon  gelatin  plates  brown- 
ish colonies  are  developed,  *'  spreading  irregularly.*^  In  gelatin  tubes  grows 
abundantly  along  the  line  of  puncture  and  also  spreads  over  the  surface.  On 
aifttr  a  thin,  white  Layer  is  developed.     On  potato  an  abundant  and  promi- 
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nent  yellowish-white  layer.     Grows  in  Parietti's  solution,  hut  not  in  Uffel- 
mann's  gelatin.     Forms  gas  ahundantly  in  gelatin  stick  cultures. 
Not  pathogenic. 

478.   BACILLUS  FIGURANS. 

Obtained  hv  Vaughan  from  water.  Crookshank  has  described  a  Bacillus 
figui*ans  which  appears  to  be  identical  with  Bacillus  mesentericus  vulgatus. 

Morphology. — '*  Bacilli  two  to  three  times  as  long  as  broad,  but  showing 
markecf  variation  in  form.  Sometimes  they  appear  as  very  short  bacilli, 
while  at  other  times  they  grow  into  long  threads." 

Biological  Characters,— An  aerobic^  liquefying,  alugqishly  motile  ba- 
cillus. Spore  formation  not  mentioned.  Grows  rapidly  in  the  usual  cul- 
ture media  at  the  room  temperature— feebly  at  38°  G.  **  On  gelatin  plates 
the  deep  colonies  are  spherical  and  smooth ;  the  superficial  gi*owth  forms 
curved  and  interlacing  lines,  often  presenting  most  grotesque  figures.  Plates 
may  show  no  liquefaction  after  some  days. "  In  getatin  stick  cultures  does 
not  develop  along  the  line  of  puncture ;  liquefies  slowly,  and  sometimes  the 
fiuid  is  lost  by  evaporation  as  fast  as  it  liquefies.  After  the  Gelatin  has  been 
liquefied  half-way  down  the  tube,  the  bacteria  subside  to  the  Dottom  and  fur- 
ther liquefaction  is  very  slow  or  does  not  occur.  On  agar  a  thin,  white 
layer  is  formed  upon  the  surface  and  a  heavy  deposit  in  the  water  of  con- 
densation. On  potato  an  abundant,  faintly  yellow,  mucilaginous  layer. 
Does  not  grow  either  in  Parietti's  solution  or  in  Ulfelmann's  gelatin. 

Not  pathogenic. 

479.    BACILLUS  ALBU3  ANAEROBIESCBNS. 

Obtained  by  Vaughan  from  water. 

Morphology. — **  Bacilli  two  or  three  times  as  long  as  broad." 

Biological  Charax;ters. — An  aerobic  and  faciutative  anaerobic,  non- 
liquefying,  non-motile  ('*  only  an  oscillation  ")  bacillus.  Grows  rapidly  at 
the  room  temperature  in  the  usual  culture  media— also  at  38**  C.  Spore  ifor- 
mation  not  mentioned.  On  gelatin  plates  forms  smooth,  spherical,  yel- 
lowish or  brownish  colonies.  In  gelatin  stick  cultures  grows  both  on  the 
surface  and  along  the  line  of  punctui'e.  On  agar  a  thick,  milk-white  layer 
is  developed.  On  potato  a  yellowish-white,  glistening  growth.  Grows 
both  in  Parietti's  solution  and  in  Uffelmann's  gelatin. 

Not  pathogenic. 

480.    BACILLUS  INVISIBILIS. 

Obtained  by. Vaughan  from  water. 

Morpholoay.^Lskvge  bacilli  with  rounded  ends,  from  two  to  five  times  as 
long  as  broad. 

Biological  Characters. — An  aerobic  and  facultative  anaJerobic,  non- 
liquefying,  motile  bacillus.  Spore  formation  not  mentioned.  Grows  rap- 
idly in  the  usual  culture  media  at  the  room  temperature — ^also  at  38°  C.  On 
gelatin  plates  pale-yellow,  burr- like  colonies,  with  irregular  outlines  and 
spreading  slightly.  In  gelatin  tubes  grows  abundantly  along  the  line  of 
puncture  and  also  upon  the  surface,  spreading  slowly.  On  agar  a  thick, 
white  growth  with  but  little  tendency  to  spread.  On  potato  the  growth  is 
invisible.     Grows  both  in  Parietti's  solution  and  in  Uffelmann's  gelatin. 

Not  pathogenic. 

481.    BACILLUS  VENENOSUS. 

Obtained  by  Vaughan  from  water. 

Morphology. — Bacilli  with  rounded  ends,  two  to  four  times  as  long  as 
broad. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.    Spore  formation  not  mentioned.   Grows 
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rapidly  in  the  usual  culture  media  at  the  room  temperature — also  at  38*  C. 
On  gelatin  plates  small,  white,  spherical  colonies— sometimes  slightly  yel- 
low ;  the  superficial  colonies  are  elevated  above  the  surface  of  the  gelatin. 
In  gelatin  tvJbes  an  abundant  growth  occurs  along  the  line  of  puncture  and 
slowly  extends  upon  the  surface.  In  cultures  from  the  spleen  of  an  inocu- 
lated animal  the  growth  upon  the  surface  is  less  marked.  On  agar  a  thin, 
white  layer  is  formed.  On  potato  a  light-brown,  moist  growth.  In  recent 
cultures  from  the  spleen  of  an  inoculated  animal  the  growth  upon  potato 
may  be  invisible.  Grows  abundantly  both  in  Parietti's  solution  and  m  Uf- 
felmann^s  gelatin. 

Paf/»oge7t«^.— Pathogenic  for  rats,  mice,  guinea-pigs,  and  rabbits. 

482.    BACILLUS  VENBNOSU8  BREVIS. 

Obtained  by  Vaughan  from  water. 

Morphology, — Short,  thick  bacilli,  about  twice  as  long  as  broad;  in  old 
cultures  grows  out  into  threads. 

Biological  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  actively  motile  bacillus.  Spore  formation  not  mentioned. 
Grows  i*apid]y  in  the  usual  culture  media  at  the  room  temperature — also  at 
38""  C.  On  gelatin  plates  forms  small,  round  colonies  with  concentric  rings: 
the  deeper  colonies  are  generally  yellowish  or  brown;  the  surface  colonies 
are  elevated  and  spread  but  little.  In  gelatin  tvbes  grows  along  the  line  of 
puncturo  and  spreads  slowly  upon  the  surface,  finally  reaching  the  sides  of 
the  tube.  Upon  agar  a  thin,  white  layer  is  formed.  On  potato  a  thick  and 
moist,  light-brown  growth.  When  kept  for  fourteen  days  or  longer  at  40  C. 
thei'e  is  an  invisible  ^prowth  upon  potato.  Grows  abundantly  in  Parietti's 
solution  and  slowly  in  Uffelmann^s  gelatin. 

Pathogenesis. — Pathogenic  for  rate,  mice,  guinea-pigs,  and  rabbits. 

483.   BACILLUS  VENENOSUS  INVISIBILIS. 

Obtained  by  Vaughan  from  water. 

Morphology, — A  slender  bacillus  with  rounded  ends,  from  two  to  four 
times  as  long  as  broad. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  mofi7«  bacillus.  Spore  formation  not  mentioned.  Grows  slowly 
in  the  usual  culture  media  at  the  room  temperature — also  at  38**  C.  On  g«*'«- 
tin  plates  small,  granular,  yellowish  colonies  are  developed ;  the  superficial 
colonies  are  coarsely  granular  and  very  irregular  in  size  and  outline.  In 
gelatin  tubes  grows  slowly  both  on  the  surface  and  along  the  line  of  punc- 
ture; scarcely  visible  at  end  of  three  days.  On  agar  &  very  thin,  white 
growth.  On  potato  the  growth  is  sometimes  invisible ;  on  some  potatoes  a 
Hffht-brown  layer  may  be  developed.  Grows  well  both  in  Parietti  s  solution 
and  in  Uffelmann's  gelatin. 

Pathogenesis. — Pathogenic,  but  in  less  degree  than  Bacillus  venenosus. 

484.   BACILLUS  VENENOSUS  LIQUEFACIENS. 

Obtained  by  Vaughan  from  water. 

Morphology, — Bacilli  with  rounded  ends,  one  and  one-half  to  twice  as 
long  as  broad. 

Biological  Characters, — An  aerobic  and  facultative  anaerobic,  lique- 
fying, motile  bacillus.  Spore  formation  not  mentioned.  Grows  rapidly  in 
the  u.sual  culture  media  at  the  room  temperature — also  at  38""  O.  On  gelatin 
plates  the  deep  colonies  are  finely  granular,  spherical,  and  yellowish  in 
color;  superficial  colonies  elevated  and  spread  over  the  surface.  In  aelatin 
tubes  grows  abundantly  along  the  line  of  puncture  and  spreads  slowly  over 
the  surface;  liquefaction  commences  in  from  four  to  six  weeks.    On  agar  a 
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til  in,  white  growth.  On  potato  a  moist,  light-brown  or  yellowish  growth. 
AVlien  kept  for  fourteen  days  or  longer  on  spleen  tissue  it  forms  an  invisible 
growth  on  potato.  Grows  abundantly  both  in  Parietti's  solution  and  in 
tJlf elmann's  gelatin. 

Pathogenesis, — Pathogenic  for  mice,  rats,  guinea-pigs,  and  rabbits. 

485,   BACILLUS  AEROGENES   CAPSULATUS. 

"Found  by  Welch  in  the  blood  vessels  of  a  patient  with  thoracic  aneurism 
opening  extei'nally,  autopsy  made  in  cool  weather  eight  hours  after  death — 
the  vessels  found  full  of  gas  bubbles. 

iWbrpTioZogry.— Straight  or  slightly  curved  bacilli  with  slightly  rounded 
or  sometimes  square-cut  ends;  a  little  thicker  than  Bacillus  anthracis,  and 
varying  in  length— average  length  3  to  6  // ;  long  threads  and  chains  are  oc- 
ca.sionally  seen.  The  bacilli,  both  from  cultures  and  in  the  animal  body,  are 
enclosed  in  a  transparent  capsule. 

Biological  Characters. — An  ana^'ro&tc,  non-motile,  non-liquefyiiig  ba- 
cillus. Does  not  form  spores.  Grows  in  the  usual  culture  media,  in  the  ab- 
sence of  oxygen,  at  the  room  temperature,  and  produces  an  abundant  de- 
velopment of  gas  in  all.  In  nutrient  gelatin  there  is  no  marked  liquefaction, 
but  the  gelatin  is  slightly  peptonized.  In  agar^  colonies  are  developed  which 
are  usually  one  to  two  millimetres  in  diameter,  but  may  attain  a  diameter  of 
one  centimetre ;  they  are  grayish- white  in  color  and  in  the  form  of  flattened 
.spheres,  ovals,  or  irregular  masses,  beset  with  little  projections  or  hair-like 
X>rocesses.  Bouillon  is  rendered  diffusely  cloudy,  with  an  abundant  white 
sediment.  Milk  is  coa^lated  in  one  or  two  days.  The  cultures  in  agar  and 
bouillon  have  a  faint  odor,  comparable  to  that  of  stale  glue.  JJ^pon  potato  a 
pale  grayish-white  layer  is  developed;  growth  occurs  at  18°  to  20°  C.,  but  is 
much  more  rapid  at  30°  to  37°  C.  Bouillon  cultures  are  sterilizwi  by  ex- 
X>osure  to  a  temperature  of  58"  C.  for  ten  minutes. 

Pathogenesis. — ''Quantities  up  to  2.5  cubic  centimetres  of  fresh  bouillon 
cultures  were  injected  into  the  circulation  of  rabbits  without  anv  apparent 
effect,  except  in  one  instance  in  which  a  pregnant  rabbit  was  killed,  oy  the 
injection  of  one  cubic  centimetre,  in  twenty-one  hours.  If  the  animal  is 
killed  shortly  after  the  injection  the  bacilli  develop  rapidly  after  death,  with 
an  abundant  formation  of  gas  in  the  blood  vessels  and  organs,  especially  the 
liver.  At  temperatures  of  18°  to  20^  C.  the  vessels,  organs,  and  serous  cavi- 
ties mav  be  full  of  gas  in  eighteen  to  twentv-four  hours,  and  at  tempera- 
tures of  30°  to  32°  0.  in  four  to  six  hours,  when  one  cubic  centimetre  of  a 
bouillon  culture  has  been  injected  into  the  circulation  shortly  before  death." 

It  is  suggested  by  Welch  and  Nuttall  that  in  some  of  the  cases  in 
which  deatnnas  been  attributed  to  the  entrance  of  air  into  the  veins,  the  gas 
found  at  the  autopsy  may  not  have  been  atmospheric  air,  but  may  have  been 

Sixxluced  by  this  or  some  similar  mici*oOrganism  entering  the  circulation  and 
eveloping  after  death. 

48G.   BACILLUS  OF  CANON  AND  PIELICKE. 

"Found  by  Canon  and  Pielicke  (1892)  in  the  blood  of  fourteen  patients 
with  measles,  and  supposed  to  be  the  etiological  agent  in  this  disease. 

Morphology, — Bacilli  varying  greatly  in  size;  sometimes  the  length  is 
equal  to  the  diameter  of  a  red  blood  corpuscle,  others  are  quite  short  and 
resemble  diplococci ;  often  united  in  pairs. 

Stained  oy  Canon,  in  blood  drawn  from  the  finger,  by  the  use  of  the  fol- 
lowing solution :  Concentrated  aqueous  solution  of  methylene  blue,  forty 
cubic  centimetres;  one-quarter-per-cent  solution  of  eosin  in  seventy-per-cent 
alcohol,  twenty  cubic  centimetres ;  distilled  water,  forty  cubic  centimetres. 
The  preparations  were  first  placed  in  absolute  alcohol  for  five  to  ten  minutes, 
then  placed  in  the  staining  solution  in  the  incubating  oven  at  37°  C  from 
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six  to  twenty  hours.    Some  of  the  bacilli  do  not  stain  uniformly,  but  present 
the  appearance  of  stained  spots  altematinigf  with  unstained  portions. 

Biological  Characters  not  detemuned.  Does  not  grow  in  glycerin-agar 
or  in  blood  serum.  In  bouillon  inoculated  with  blood  from  the  fin^r  of  a 
measles  patient,  bacilli  were  obtained  in  three  cultures  which  resembled  the 
bacillus  found  in  the  blood,  and  which  failed  to  grow  when  transplanted  to 
glycerin-agar,  blood  serum,  or  bouillon.  At  first  the  bouillon  remained 
clear,  with  a  sediment  at  the  bottom  partly  made  up  of  the  inoculated  blood; 
after  several  days  a  faint  cloudiness  was  noticed  and  small  flocculi  formed. 
In  these  bouillon  cultures  the  bacilli  had  various  forms  and  dimensions, 
some  of  them  exceeding  in  length  those  found  in  stained  preparations  from 
the  blood.  They  appeared  to  have  a  slight  independent  motion.  Tlie  bacilli 
in  these  bouillon  cultures  did  not  stain  by  Gram  s  method.  The  bacilli  re- 
ferred to  were  found  in  the  blood  preparations  in  varying  numbers — some- 
times very  few,  and  at  others  the  first  field  examined  was  crowded.  They 
were  found  during  the  whole  course  of  the  disease,  and  in  one  case  three 
days  after  the  fever  had  disappeared.  They  were  also  found  in  the  secre- 
tions from  the  nose  and  conjunctiva  of  measles  patients. 

487.    BACILLUS   SANGUINIS    TYPHI. 

Obtained  (1892)  by  Brannan  and  Cheesman  from  the  blood  of  typhus- 
fever  patients.  *'The  blood,  obtained  under  strict  antiseptic  precautions 
from  the  six  living  patients,  was  streaked  on  six-per-cent  glycerin-agar 
plates,  and  smeared  on  sterilized  cover  glasses  by  Dr.  Brannan  and  brought 
at  once  to  the  laboratory.  The  cover-glass  smears  from  all  the  cases,  being* 
dried  at  once  in  the  air,  were  fixed  in  alcohol  and  stained  in  Czenzynski  s 
solution  for  eighteen  hours  at  room  temperature.  Although  all  of  these 
covers  were  examined  throughout  with  a  one-sixteenth  homogeneous  immer- 
sion lens  in  the  most  careful  manner,  in  only  about  one-half  of  them  a  few 
blue-stained  bacilli  were  found,  never  more  than  eight  or  ten  on  a  cover.'' 

Morphology. — Bacilli  with  round  ends,  fron^  1  to  2.5  ;<  long  and  0.5  to 
0,8  u  broad  ;  solitary  or  in  pairs,  and  occasionally  in  chains  containing  six 
to  eight  elements;  often  club-shaped,  or  ovoid  in  recent  cultures. 

Stains  with  the  usual  aniline  coloi-s  and  by  Gram's  method. 

Biological  Characters. — An  aerobic  and  facultative  anaercbic,  non- 
motile  bacillus.  Does  not  form  spores.  Does  not  grow  at  a  lower  tempera- 
ture than  27^*  C.  Grows  best  upon  blood  serum  at  37. 5**  C.  Ui>on  glycerin- 
agar  plates  colonies  are  developed  which  at  the  end  of  eighteen  hours  appear 
as  minute,  bluish-gray,  translucent  spots,  the  diameter  of  which  does  not 
exceed  0.25  millimetre;  later  the  colonies  appear  dry  and  scaly,  tlioy 
are  flat,  more  opaque,  and  whiter,  and  do  not  exceed  two  millimetres  in 
diameter.  Under  alow  power  the  recent  colonies  are  seen  to  be  granular, 
to  have  a  sinuous  and  sharply  defined  margin  and  a  pale-brown  color  which 
is  more  intense  at  the  centre  and  in  scattered  points  upon  the  surface.  When 
matrnified  one  hundred  diameters  the  surface  appears  to  be  coarsely  granular, 
and  coai*se,  irregular  spiculae  are  seen  about  the  margin.  In  glycerin-agar 
tubes,  at  37.5' C,  growth  occurs  upon  the  surface  and  along  the  line  of 
puncture  as  small^  white,  isolated  colonies.  Upon  blood  serum  a  slightly 
elevated,  white,  shining  layer  is  developed.  In  milk  a  white  deposit  is 
formed  at  the  bottom  of  the  tube  and  the  milk  undergoes  no  apparent  change. 
On  potato  no  visible  growth  was  obtained. 

Pathogenesis. — *' Inoculations  of  cultures  of  the  bacillus  obtained  from 
two  of  the  ciises  were  made  in  eight  rabbits,  two  guinea-pigs,  and  two  white 
mice.  AU  the  animals  showed  marked  emaciation,  and,  with  the  exception 
of  two  rabbits,  all  the  animals  experimented  upon  died  in  from  ten  to  twentj-- 
nine  days.  The  inoculated  bacUlus  was  obtained  from  the  hearths  blood  of 
two  of  tne  rabbits  that  died." 
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■i-SS.    MICROCOCCUS   AGILIS   CITREUS. 

Obtained  by  Menge  (1882)  from  an  infusion  of  peas — probably  fi'om  the 
air. 

Morphology. — Micrococci,  usually  in  pairs,  but  sometimes  in  short  chains 
or  irregular  groups.  Has  a  flagellum  which  is  easily  demonstrated  by 
Lioffler's  method  of  staining,  and  which  is  about  six  times  as  long  as  the 
diameter  of  the  micrococcus. 

Biological  Characters. — Anaerobic,  non-liquefying,  chromogenic,  motile 
micrococcus.  Forms  a  yellow  pigment.  Grows  in  the  usual  culture  media 
at  the  room  tempei^ture.  Upon  grefotftn^to^es  a  diffuse  cloudiness  of  the 
gelatin  occurs  around  the  superficial  colonies  and  extends  over  the  plate,  ex- 
cept at  the  numerous  points  where  bundles  of  crystals  are  developed.  In 
gelatin  stick  cultures  a  scanty  growth  occurs  along  the  line  of  puncture, 
which  is  not  colored ;  upon  the  surface  a  round  layer  of  an  intense  yellow 
color  is  slowly  developed.  Upon  agar  a  pale  and  thin  layer  is  developed 
alon^  the  line  of  inoculation  bjr  the  end  of  the  third  day ;  this  increases  in 
bi-eadth  and  thickness  and  acquires  a  yellow  color ;  the  growth  upon  agar 


Fig.  267.  Fio.  268. 

Fio.  267.— BacllluB  gracilis  cadaveris,  from  a  gelatin  culture.  X  1,000.  From  a  photomicro- 
graph.   (Sternberg.) 

Fio.  268.— Bacillus  gncHiB;  colonies  in  gelatin  roll  tube,  end  of  forty-eight  hours.  X  1«.  From 
a  photograph.    (Sternberg  ) 

is  extremely  viscid  and  may  be  drawn  out  into  long  threads  when  touched 
with  a  platinum  needle.  In  bouillon  a  diffuse  cloudiness  occurs  and  a  yellow, 
viscid  deposit  accumulates  at  the  bottom  of  the  tube;  there  is  no  film 
formed  upon  the  surface.  Upon  potato  development  is  very  slow,  but  after 
a  time  an  abundant  bright-yellow  layer  is  formed,  and  around  this  the 
potato  acquires  a  slightly  bluish-gray  color.  Grows  in  milk  without  pro- 
ducing coagulation.     Grows  best  at  a  temperature  of  20*'  C. 

489.  BACILLUS  GRACILIS  CADAVERis  (Sternberg). 

Obtained  (1889)  from  a  fragment  of  liver,  of  man,  kept  for  forty-eight 
hours  in  an  antiseptic  wrapping. 

Morphology, — Bacilli  about  1  n  broad  and  2  jn  long,  associated  in  long 
chains. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
motile,  iion-liquefying  bacillus.     Spore  formation  not  observed.     In  gelatin 

68 


Digitized  by  CjOOQIC 


734  ADDITIONAL  SPBCIEd   OF  BACTERIA,    NOT  CLASSIFIED. 

roU'tubea  the  deei>  coloniesr  are  opaque  and  spherical;  superficial  colonies 
circular  or  slightly  irregular  in  outline,  white  in  color,  and  opaque  or  slightly 
translucent.  In  gelatin  stick  cultures,  at  22"  C,  at  the  end  of  five  days  a 
rather  thick,  white  mass  at  the  point  of  puncture,  covering  one-third  of  the 
surface,  and  closely  crowded,  opaque  colonies  at  hottom  of  line  of  puncture, 
with  slender,  branching  outgrowth  above.  In  nutrient  agar^  at  the  end  of 
five  days  at  22""  C,  a  milk-white  growth  upon  the  surface  and  opaque 
growth  to  bottom  of  line  of  puncture.  On  potato,  at  end  of  five  days  at 
22^"  C,  rather  thick,  cream-wnite  growth  with  irregular  margins  along  the 
iropfstrich.  Cultures  in  bouillon  have  a  milky  opacity  and  a  very  disagree- 
able  odor.    Grows  in  affua  coco  without  formation  of  gas. 

Pathogenic  for  rabbits  when  injected  inte  the  cavity  of  the  abdomen. 
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BACTERIOLOGICAL  DIAGNOSIS. 

The  researches  made  by  bacteriologists  during  the  past  ten  years 
show  that  there  is  an  extensive  bacterial  flora,  especially  in  water 
and  in  the  soil^  and  that  many  of  the  species  known  are  widely  dis- 
tributed and  may  be  recognized  by  their  morphological  and  biologi- 
cal characters  wherever  they  may  be  found  ;  but  they  also  show  that 
we  cannot  depend  upon  morphology  alone  for  the  differentiation  of 
species,  and  that  in  many  cases  a  careful  study  of  the  mode  of 
gprowth  in  various  culture  media,  and  of  pathogenic  power  by  inocu- 
lations in  the  lower  animals,  shows  slight  diiBferences  in  bacteria 
which  resemble  each  other  so  closely  in  form  and  in  certain  biologi- 
cal characters  that  a  less  careful  study  would  lead  to  the  belief  that 
they  were  identical.  That  there  are  true  species  among  the  bacte- 
ria, in  the  same  sense  as  among  the  higher  plants,  is  well  established; 
but,  as  among  the  higher  plants,  it.  is  often  difficult  to  determine 
whether  the  differences  observed  should  be  considered  sufficient  to 
justify  the  description  of  alhed  forms  as  distinct  species,  or  whether 
they  should  simply  be  considered  as  varieties  of  a  single  species. 
For  example,  the  well-known  streptococcus  of  pus  has  morphologi- 
cal characters  which  enable  us  to  distinguish  it  from  many  other 
bacteria,  but  streptococci  have  been  obtained  from  various  sources 
which  present  sHght  differences  as  to  their  growth  in  certain  media 
and  in  their  pathogenic  power.  The  question  arises  as  to  whether 
these  differences  are  to  bo  considered  "  specific ''  or  otherwise.  If 
tne  differences  noted  are  permanent,  and  enable  a  bacteriologist  to 
distinguish  one  streptococcus  from  the  other  wherever  it  may  be 
found,  we  are  justified  in  considering  them  as  two  distinct  micro- 
organisms. And  the  decision  as  to  whether  they  are  to  be  consid- 
ered as  different  species,  or  as  varieties  of  a  single  species,  need  not 
detain  us.  As  a  matter  of  fact,  nature  is  continuous,  and  specific 
lines  are  not  sharply  drawn  except  in  systematic  text  books  of  bot- 
any, etc.  The  more  complete  our  knowledge  of  any  class  of  animal 
or  vegetable  organisms,  the  less  sharply  differentiated  are  the  so- 
called  species  on  account  of  the  introduction  of  intermediate  forms 
in  a  series  having  conmion  characters. 
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When  the  diflferences  noted  are  not  permanent  in  character,  de- 
scription under  a  distinct  name  only  leads  to  confusion.  Among  the 
bacteria,  as  among  higher  plants,  such  differences,  constituting  more 
or  less  permanent  varieties,  have  been  developed  by  cultivation  under 
various  conditions,  and,  without  doubt,  are  constantly  being  devel- 
oped under  natural  conditions  as  a  result  of  changes  in  the  environ- 
ment of  these  minute  plants.  Thus  we  have  artificial  varieties  of 
certain  common  chromogenic  species  in  which  no  pigment  is  pro- 
duced, non-pathogenic  varieties  of  pathogenic  species,  and  asporoge- 
nous  varieties  of  bacilli  which  usually  form  spores. 

The  attempt  to  classify  the  bacteria  in  a  systematic  manner  is 
attended  with  especial  difficulties,  owing  to  their  simple  structure, 
the  comparatively  sUght  morphological  differences  which  they  pre- 
sent, and  also  because  of  the  tendency  to  variation  in  their  biological 
characters  above  referred  to.  But  bacteriologists  are  generally 
agreed  upon  the  importance  of  the  following  characters  for  their 
differentiation,  viz.  :  foryn — ^micrococci,  bacilli,  spirilla,  polymor- 
phous; relation  to  oxygen — aerobic,  facultative  anaerobic,  strict 
anaerobic ;  growth  in  nutrient  gelatin — Hquefy,  do  not  liquefy,  do 
not  grow  in  nutrient  gelatin  at  the  "  room  temperature  ";  growth  on 
potato ;  grotvth  in  milk — coagulate  milk,  do  not  coagulate,  etc.  : 
color  of  growth — chromogenic,  non-chromogenic ;  spore  forma- 
tion;  independent  movements  ;  pathogenic  power. 

It  is  upon  these  characters  that  we  must  rely  chiefly  in  our  biicte- 
riological  diagnosis  of  known  species.  But  the  student  must  remem- 
ber that  the  lines  are  not  shai'ply  drawn  between  the  groups  formed 
when  we  classify  bacteria  with  reference  to  any  one  of  these  charac- 
ters. Thus  we  have  microorganisms  of  this  class  which  we  find  it 
difficult  to  classify  as  regards  form,  because  they  are  not  round,  and 
yet  are  so  slightly  elongated  in  one  diameter  that  it  is  difficult  to 
consider  them  bacilli.  If  we  follow  Cohn  and  group  these  short- 
oval  bacteria  under  the  generic  name  Bacteriima,  we  have  not  re- 
moved the  difficulty,  but  have  made  two  arbitrary  and  artificial  lines 
instead  of  one.  Again,  liquefaction  of  gelatin  is  sometimes  so  slight, 
or  occurs  at  so  late  a  date,  that  it  may  be  a  question  whether  a  mi- 
croorganism of  this  class  should  be  included  among  the  liquefjring 
or  non-Hquef ying  bacteria.  And  our  division  with  reference  to  the 
formation  of  pigment  must,  to  a  certain  extent,  be  arbitrary  ;  for 
many  species  which  are  not  decidedly  chromogenic  present  under 
certain  circumstances  a  slight  tint  of  yellow,  gray,  brown,  or  pink. 
A  slight  yellower  a  decided  brown  color  is  often  developed  in  potato 
cultures  of  bacteria  which  upon  other  culture  media  present  a  col- 
orless growth,  and  which  are  generally  included  by  bacteriologists 
among  the  non-chromogenic  species.     With  reference  to  independent 
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movements,  it  must  be  remembered  that  some  of  the  motile  bacteria, 
under  certain  circumstances,  do  not  exhibit  active  movements  ;  the 
question  of  motiUty  must  therefore  not  be  hastily  decided  in  the 
negative  from  a  single  examination.  Spore  formation  also,  in  many 
cases,  depends  upon  special  conditions,  and  g^at  care  will  often  be 
required  in  determining  this  character,  which,  indeed,  is  still  unde- 
termined for  some  of  the  best-known  species. 

We  have  endeavored  in  the  present  volmne  to  include  all  bacteria 
which  have  been  described  by  competent  bacteriologists  with  suffi- 
cient detail  to  permit  of  their  recognition  when  carefully  studied  by 
the  usual  methods.  But  we  have  also  included  a  considerable  num- 
ber which  are  imperfectly  described  and  which  could  not  be  identi- 
fied by  the  descriptions  given.  And  no  doubt  a  certain  number  of 
those  which  have  been  described  under  different  names  are  in  fact 
identical  or  simply  varieties  of  a  single  species.  The  plan  adopted  of 
grouping  the  different  bacteria  described  with  reference  to  their  mor- 
phological and  biological  characters  will  bring  together  those  micro- 
organisms which  are  similar,  and  will,  we  trust,  be  of  assistance  to 
working  bacteriologists  in  determining  identity  or  non-identity.  Im- 
perfect descriptions,  if  not  completed  by  future  researches,  may  be 
eliminated  hereafter,  but  we  have  thought  it  best  to  give  them  a 
place  in  this  Manual,  as  most  of  them  are  included  in  systematic 
works  published  abroad — e.g.,  the  micrococci  found  by  Koch  in  his 
experimental  study  of  traumatic  infectious  diseases  (1878),  Bien- 
stock's  faeces  bacilli,  etc. 

LIST  OF  BACTERIA  DESCRIBED. 

PART  THIRD,    SECTION   IV. — PYOGENIC  BACTERIA. 

1.  Staphylococcus  pyogenes  aureus  (Rosenbach). 
Micrococcus  of  infectious  osteomyeUtis  (Becker). 

2,  Staphylococcus  pyogenes  albus  (Rosenbach). 
Staphylococcus  epidermidis  albus  (Welch). 

ii.  Staphylococcus  pyogenes  citreus  (Passet). 
4.  Micrococcus  pyogenes  tenuis  (Rosenbach). 
o.  Streptococcus  pyogenes  (Rosenbach). 

Micrococcus  of  erysipelas  (Fehleisen). 

Streptococcus  of  pus. 

Streptococcus  longus  (Von  Lingelsheim). 
<i.  Micrococcus  gonorrhoefe. 

Gonococcus  (Neisser). 

PART  THIRD,    SECTION  V. — BACTERIA  IN  CROUPOUS  PNEUMONIA. 

7.  Bacillus  of  Friedlander. 
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Pneumocoocus  (Friedlander). 
Bacillus  pneumonisd  (Fliigge). 

8.  Micrococcus  pneumoniae  croupossB. 
Micrococcus  Pasteuri  (Sternberg). 
Micrococcus  of  sputum  septicaemia  (Frankel). 
Diplococcus  pneumoniaB  (Weichselbaum). 
Bacillus  septicus  sputigenus  (Fltigge). 
Bacillus  salivarius  septicus  (Biondi). 
Lancet-shaped  micrococcus  (Talamon). 
Streptococcus  lanceolatus  Pasteuri  (Gameleia). 

PART  THIRD,    SECTION  VI. — PATHOGENIC  MICROCOCCI    NOT 
DESCRIBED   IN  SECTIONS  IV.    AND  V. 

9.  Diplococcus  intercellularis  meningitidis  (Weichselbaum), 

10.  Staphylococcus  salivarius  pyogenes  (Biondi). 

11.  Micrococcus  of  progressive  tissue  necrosis  in  mice  (Koch). 

12.  Micrococcus  of  pn^^ssive  abscess  formation  in  rabbits  (Koch). 

13.  Micrococcus  of  pysemia  in  rabbits  (Koc|;i). 

14.  Micrococcus  of  septicaemia  in  rabbits  (Koch). 

15.  Micrococcus  salivarius  septicus  (Biondi). 
10.  Micrococcus  subflavus  (Fliigge). 

Yellowish-white  micrococcus  (Bumra). 

17.  Micrococcus  of  trachoma  ?  (Sattler). 

18.  Micrococcus  tetragenus  (Qaflfky,  Koch). 

19.  Micrococcus  botryogenus  (Rabe). 
Micrococcus  of  "  Myko-desmoids  "  of  the  horsie. 
Micrococcus  askoformans  (Johne). 
Micrococcus  Johnei  (Cohn). 

•iO.  Micrococcus  of  Manfredi. . 

Micrococcus  of  progressive  granuloma  formation  (Manfredi). 

21.  Micrococcus  of  bovine  mastitis  (Kitt). 

22.  Micrococcus  of  bovine  pneumonia  ?  (Poels  and  Xoleii). 

23.  Streptococcus  septicus  (Fliigge). 

24.  Streptococcus  bombycis. 
Microzyma  bombycis  (Bechamp). 

25.  Nosema  bombycis. 
Micrococcus  ovatus. 
Panhistophyton  ovatum. 

2f).  Micrococcus  of  Heydenreich. 

Micrococcus  of  Biskra  button— ''Clou  de  Biskra/' Fr.;  ''Pen- 
desche  Geschwur,"  Oer, 
27.  Micrococcus  of  Demme. 

Diplococcus  of  pemphigus  acutus  (Demme). 
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28.  Streptococcus  of  Manneberg. 

29.  Micrococcus  endocarditidis  rugatus  ( Weichselbaum). 

30.  Micrococcus  of  gangrenous  mastitis  in  sheep  (Nocard). 
.31.  Streptococcus  of  mastitis  in  cows  (Nocard  and  MoUereau). 

32.  Diplococcus  of  pneumonia  in  horses  (Schiitz). 

33.  Streptococcus  coryzae  oontagiosse  equorum  (Schiitz). 

34.  Haamatococcus  bovis  (Babes). 

35.  Micrococcus  gingivae  pyogenes  (Miller). 

36.  Pseudodiplococcus  pneumonife  (Bonome). 

37.  Streptococcus  septicus  liquefaciens  (Babes). 

38.  Micrococcus  of  Kirchner. 

39.  Micrococcus  No.  II.  of  Fischel. 

40.  Streptococcus  of  Bonome. 

41.  Micrococcus  of  Almquist. 

42.  Staphylococcus  pyosepticus  (Hericourt  and  Richet). 

43.  Streptococcus  pemiciosus  psittacorum. 
Micrococcus  of  gray  parrot  disease  (Eberth  and  Wolff). 

44.  Micrococcus  of  Forbes. 

PART  THIRD,   SECTION  VII.— THE  BACILLUS  OP   ANTHRAX. 

45.  Bacillus  anthrads. 
Milzbrandbacillus,  Oer, 

La  bacteridie  du  charbon,  Fr. 

PART  THIRD,   SECTION  VIII. —THE  BACILLUS  OP  TYPHOID  PEVER, 

40.  Bacillus  typhi  abdominalis. 
Bacillus  typhosus. 
Typhus  bacillus  (Eberth,  Qaffky). 

PART  THIRD,    SECTION  IX. — BACTERIA  IN  DIPHTHERIA. 

47.  Bacillus  diphtheriae  (Klebs,  Lofller). 

48.  Pseudo-diphtheritic  bacillus  (Roux  and  Yersin). 

49.  Bacillus  diphtheriae  columbrariun  (Loffler). 

50.  Bacillus  diphtheriae  vitulorum  (Loffler). 

51.  Bacillus  of  intestinal  diphtheria  in  rabbits  (Ribbert). 

PART  THIRD,   SECTION    X. — BACTERIA  IN  INFLUENZA. 

52.  Bacillus  of  influenza  (Pfeiffer,  Canon). 

PART  THIRD,   SECTION   XI. — BACILLI  IN  CHRONIC  INFECTIOUS 

DISEASES. 

53.  Bacillus  tuberculosis  (Koch). 
Tubercle  bacillus. 
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54.  Bacillus  tuberculosis  gallinarum  (Maflfucci). 

55.  Bacillus  leprae  (Hansen,  Neisser). 
Leprosy  bacillus. 

5G.  Bacillus  mallei  (Lofller  and  Schiitz). 
Bacillus  of  glanders. 
Rotzbacillus,  Oe7\ 
Bacille  de  la  morve,  Fr. 

57.  Bacillus  of  Lustgarten. 
Syphilis  bacillus  ( ?) 

58.  Bacillus  of  rhinoscleroma  (?). 

59.  Bacillus  of  Koubasoff . 

60.  Bacillus  of  Nocard. 
Bacille  du  farcin  du  boeuf . 

PART  THIRD,  SECTION   XII.— BACILLI  WHICH  PRODUCE  SEPTICEMIA 
IX  SUSCEPTIBLE  ANIMALS. 

61.  Bacillus  septicaemisB  hsBmorrhagicae  (Hueppe). 
Bacillus  of  fowl  cholera. 

Microbe  du  cholera  des  poules  (Pasteur). 

Bacillus  cholersB  gallinarum  (Fliigge). 

Bacillus  der  Hiihnercholera. 

Bacillus  of  rabbit  septicsBinia. 

Bacillus  der  Kaninchenseptikiimie  (Koch). 

Bacillus  cuniculicida  (Fliigge). 

Bacillus  der  Rinderseuche  (Kitt). 

Bacillus  der  Schweineseuche  (Loffler  and  Schiitz). 

Bacillus  der  Wildseuche  (Hueppe). 

Bacillus  der  Biiffelseuche  (Oreste-Armanni). 

Bacterium  of  Davaine's  septiaemia  ( ?) 

62.  Bacillus  of  cholera  in  ducks  (Comil  and  Toupet). 

63.  Bacillus  of  hog  cholera  (Salmon  and  Smith). 
Bacillus  of  swine  plague  (Billings). 
Bacillus  of  swinepest  (Selander). 

64.  Bacillus  of  Belfanti  and  Pascarola. 
Impftetanus  bacillus  (Belfanti  and  Pascarola). 

65.  Bacillus  of  swine  plague,  Marseilles. 

Bacillus  der  Schweineseuche  (Rietsch  and  Jobert). 
Bacillus  der  Frettenseuche  (Eberth  and  Schimmelbusch). 
Bacillus  der  americanischen  Rinderseuche  (Caneva). 
Bacillus  of  spontaneous  rabbit  septicsBmia  (Eberth). 

66.  Bacillus  septicus  agrigenus  (Nicolaier). 
Bacillus  erysipelatos  suis. 
Bacillus  of  hog  erysipelas. 
Bacillus  des  Schweinerothlauf  (Loffler,  Schiitz). 
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Bacille  du  rouget  du  pore  (Pasteur). 
Bacillus  of  mouse  septicsBinia. 
Bacillus  murisepticus  (Fliigge). 
Bacillus  des  Mauseseptikamie  (Koch). 

68.  Bacillus  coprogenes  parvus  (Bienstock). 
Mauseseptikamieahnlicher  Bacillus  (Eisenberg). 

69.  Bacillus  cavicida  (Brieger). 
Brieger's  bacillus. 

70.  Bacillus  cavicida  Havaniensis  (Sternberg). 

71.  Bacillus  crassus  sputigenus  (Kreibohm). 

72.  Bacillus  pyogenes  foetidus  (Passet). 

73.  Proteus  hominis  capsulatus  (Bordoni-Uffreduzzi). 

74.  Proteus  capsulatus  septicus  (Banti). 

75.  Bacillus  enteritidis  (Gartner). 

76.  Bacillus  of  grouse  disease  (Klein). 

77.  Bacillus  gallinarum  (Klein). 

78.  Bacillus  smaragdinus  foetidus  (Reimann). 

79.  Bacillus  pneumosepticus  (Babes). 

80.  Bacillus  capsulatus  (Pfeiflfer). 

81.  Bacillus  hydrophilus  fuscus  (Sanarelli). 

82.  Bacillus  tenuis  sputigenus  (Pansini). 

83.  Bacillus  of  Laser. 

84.  Bacillus  typhi  murium  (Loffler). 

85.  Bacillus  of  Cazal  and  Vaillard. 

86.  Bacillus  of  Babes  and  Oprescu. 

87.  Bacillus  of  Lucet. 

88.  Capsule  bacillus  of  Loeb. 

PART     THIRD,    SECTION  XIII. —PATHOGENIC   AEROBIC    BACILLI    NOT 
DESCRIBED   IN  PREVIOUS  SECTIONS. 

89.  Bacillus  coli  communis. 
Bacterium  coli  commune  (Escherich). 
Colon  bacillus. 

90.  Bacillus  lactis  aerogenes. 
Bacterium  lactis  aerogenes  (Escherich). 

91.  Bacillus  c  of  Booker. 

92.  Bacillus  acidiformans  (Sternberg). 

93.  Bacillus  cuniculicida  Havaniensis  (Sternberg). 

94.  Bacillus  leporis  lethalis  (Sternberg). 
Bacillus  of  Gibier. 

95.  Bacillus  pyocyanus  (Gessard). 
Bacillus  of  green  pus. 
Microbe  du  pus  bleu. 
Bacillen  des  griinblauen  Eiters. 
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Bacterium  aeruginosum. 

96.  Bacillus  of  Fiocca. 

97.  Proteus  vulgaris  (Hauser). 

98.  Proteus  of  Karlinsky. 

Bacillus  murisepticus  pleomorphus  (Karlinsky). 

99.  Proteus  mirabilis  (Hauser). 

100.  Proteus  Zenkeri  (Hauser). 

101.  Proteus  septicus  (Babes). 

102.  Proteus  lethalis. 

Proteus  bei  Lungengangran  des  Menschen  (Babes). 

103.  Bacillus  A  of  Booker. 

104.  Bacillus  endocarditidis  griseus  ( Weichselbaum). 

105.  Bacillus  endocarditidis  capsulatus  (Weichselbaum). 

106.  Bacillus  of  Lesage. 

Bacillus  of  green  diarrhoea  of  infants  (Lesage). 

107.  Bacillus  of  Demme. 

Bacillus  of  erythema  nodosum  (Demme). 

108.  Bacillus  oedematis  aerobicus  (Klein). 

109.  Bacillus  of  Letzerich. 

Bacillus  of  nephritis  interstitialis  (Letzerich). 

110.  Bacillus  of  Schimmelbusch. 
Bacillus  nomaB  (Schimmelbusch). 

111.  Bacillus  fodtidus  ozaBnsB  (Hajek). 

112.  Bacillus  of  Lumnitzer. 

Bacillus  of  putrid  bronchitis  (Lumnitzer). 

113.  Bacillus  of  Tommasoli. 
Bacillus  of  sycosis  (Tommasoli). 

114.  Bacillus  of  Schou. 

Bacillus  of  vagus  pneumonia  (Schou). 

115.  Bacillus  necrophorus  (Loffler). 

116.  Bacillus  coprogenes  fcetidus  (Schottelius). 
Darmbacillus  of  SchotteUus. 

117.  Bacillus  oxytocus  pemiciosus  ( Wyssokowitsch), 

118.  Bacillus  saprogenes  No.  IL  (Rosenbach). 

119.  Bacillus  of  Afanassiew. 

Bacillus  of  whooping  cough  (Afanassiew). 

120.  Pneumobacillus  liquefaciens  bovis  (Arloing). 

121.  Bacillus  pseudotuberculosis  (Pfeiffer). 

122.  Bacillus  gingivae  pyogenes. 
Bacterium  gingivse  pyogenes  (Miller). 

123.  Bacillus  dentalis  viridans  (Miller). 

124.  Bacillus  pulpas  pyogenes  (Miller). 

125.  Bacillus  septicus  keratomalacisB  (Babes). 

126.  Bacillus  septicus  acuminatus  (Babes). 


Digitized  by  CjOOQIC 


BACTERIOLOGICAL  DIA<iNOSIS.  743 

127.  Bacillus  septicus  ulceris  gangraenosi  (Babes). 
138.  Bacillus  of  Tricomi. 

Bacillus  of  senile  gangrene  (Tricomi). 

129.  Bacillus  albus  cadaveris  (Strassmann  and  Strieker). 

130.  Bacillus  varicosus  conjunctivsB  (Qombert). 

131.  Bacillus  meningitidis  purulentae  (Neumann  and  Schtiffer). 

132.  Bacillus  septicus  vesicae  (Clado). 
Bacillus  of  cystitis  (Clado). 

133.  Bacillus  of  Qessner. 
Bacterium  tholoideum  (Gtessner). 

134.  Bacillus  chromo-aromaticus  (Qaltier). 

135.  Bacillus  canalis  capsulatus  (Mori). 

136.  Bacillus  canalis  parvus  (Mori). 

137.  Bacillus  indigogenus  (Alvarez). 

138.  Bacillus  of  Kartulis. 

Bacillus  of  Egyptian  ophthalmia  (Kartulis). 

139.  Bacillus  of  Utpadel. 

140.  Bacillus  alvei  (Cheshire  and  Chejme). 
Bcusillus  of  foul  brood  of  bees. 

141.  Bacillus  of  acne  contagiosa  of  horses  (Dieckerhoff  and  Grawitz). 

142.  Bacillus  No.  I.  of  Roth. 

143.  Bacillus  No.  II.  of  Roth. 

144.  Bacillus  of  Okada. 

145.  Bacillus  of  purpura  haemorrhagica  of  Tizzoni  and  Giovannini. 

146.  Bacillus  of  purpura  haemon'hagica  of  Babes. 

147.  Bacillus  of  purpura  haemorrhagica  of  Kolb. 

148.  Bacillus  heminecrobiophilus  (Arloing). 

PART  THIRD,    SECTION  XIV. — PATHO(iEXIC  ANAEROBIC  BACILLI. 

149.  Bacillus  tetani  (Nicolaier). 
Tetanus  bacillus. 

150.  Bacillus  oedematis  maligni. 
Bacillus  of  malignant  oedema. 
Vibrion  septique  (Pasteur). 

151.  Bacillus  cadaveris  (Sternberg). 

152.  Bacillus  of  symptomatic  anthrax. 

Bacille  du  charbon  symptomatique   (Arloing,   Cornevin,  and 

Thomas). 
Rauschbrandbacillus. 

PART  THIRD,    SECTION   XV. — PATHOCiENIC   SPIRILLA. 

153.  Spirillum  Obermeieri. 
Spirochaete  Obermeieri. 
Spirillum  of  relapsing  fever. 
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Recurrensspirochate. 

154.  Spirillum  anserum  (Sakharoff). 

155.  Spirillum  cholerae  AsiaticsB  (Koch). 
Spirillum  of  Asiatic  cholera. 
Comma  bacillus  of  Koch. 
Bacille-virgule  cholerigene. 

150.  Spirillum  of  Finkler  and  Prior. 

Vibrio  proteus. 
15?.  Spirillum  tyrogenum. 

Kasespirillen  (Deneke). 

Cheese  spirillum  of  Deneke. 
15s.  Spirillum  Metschnikovi. 

Vibrio  Metschnikovi  (Gameleia). 

PART   FOURTH,   SECTION  VIII.— NON-PATHOGEXIC   MICKOCOCl  I. 

5H.  Micrococcus  flavus  liquefaciens  (Flugge). 

GO.  Micrococcus  flavus  desidens  (Flugge). 

Gl.  Micrococcus  agilis  (Ali-Cohen). 

G2.  Micrococcus  fuscus  (Maschek). 

G3.  Diplococcus  citreus  conglomeratus  (Bumm). 

<J4.  Diplococcus  citreus  liquefaciens  (Unna). 

()5.  Diplococcus  flavus  liquefaciens  tardus  (Unna). 

()<I.  Diplococcus  fluorescens  foetidus  (Klaimiim). 

G7.  Diplococcus  luteus  (Adametz). 

TiS.  Diplococcus  roseus  (Bumm). 

GO.  Micrococcus  cremoides  (Zimmermann). 

70.  Micrococcus  roseus  (Eisenberg). 

71.  Micrococcus  aurantiacus  (Cohn). 
7*2.  Micrococcus  cerasinus  siccus  (List). 
7o.  Micrococcus  versicolor  (Flugge). 

74.  Micrococcus  of  Dantec. 

75.  Micixx^occus  cameus  (Zimmermann). 
7«I.  Micrococcus  cinnabareus  (Flugge). 
77.  Micrococcus  cereus  albus  (Passet). 
7jS.  Micrococcus  cereus  flavus  (Passet). 
70.  Micrococcus  citreus. 

Cremefarbiger  micrococcus  (List). 

80.  Micrococcus  fervidosus  (Adametz). 

81.  Jlicrococcus  flavus  tardigratus  (Flugge). 

82.  Micrococcus  luteus  (Cohn). 
8:>.  Micrococcus  violaceus  (Cohn). 

84.  Staphylococcus  viridis  flavescens  (Guttmann). 

8.>.  Micrococcus  oi^hroleuous  (Prove). 

."^»5.  MicnK'occus  acidi  lactici  liquefaciens  (Kreuger). 
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187.  Micrococcus  aerogenes  (Miller). 

188.  Micrococcus  albus  liquefaciens  (Von  Besser). 

189.  Micrococcus  fcetidus  (Klamann). 
100.  Micrococcus  radiatus  (Fliigge). 

191.  Diplococcus  albicans  amplus  (Bumm). 

192.  Micrococcus  candicans  (Fliigge). 

193.  Micrococcus  candidus  (Cohn). 

194.  Micrococcus  acidi  lactici  (Marpmann). 

195.  Micrococcus  lactis  viscosus  (Conn). 

196.  Sphaerococcus  acidi  lactici  (Marpmann). 

197.  Micrococcus  aquatilis  (Bolton). 

1 98.  Micrococcus  concentricus  (Zimmermann). 

199.  Micrococcus  cumulatus  tenuis  (Von  Besser). 
'^(X).  Micrococcus  plumosus  (Brautigain). 

*^01.  Micrococcus  rosettaceus  (Zimmermann). 
•^02.  Micrococcus  urese  (Pasteur). 

203.  Micrococcus  ureae  liquefaciens  (Fliigge). 

204.  Micrococcus  viticulosus  (Katz). 

205.  Diplococcus  albicans  tardissimus  (Eisenberg). 
Milk-white  diplococcus  (Bumm). 

206.  Diplococcus  albicans  tardus  (Unna). 

207.  Staphylococcus  albus  liquefaciens. 

White  liquefying  staphylococcus  (Escherich). 

208.  Micrococcus  ovalis  (Escherich). 

209.  Diplococcus  coryzae  (Hajek). 

210.  Micrococcus  Finlayensis  (Sternberg). 

211.  Micrococcus  of  Freire. 
Cryptococcus  xanthogenicus  (Freire). 

212.  Streptococcus  coli  gracilis  (Escherich). 

213.  Streptococcus  acidi  lactici  (Grotenfeld). 

214.  Streptococcus  giganteus  urethrsB  (Lustgarten). 

215.  Streptococcus  albus  (Maschek). 

216.  Streptococcus  vermiformis  (Maschek). 

217.  Streptococcus  brevis  (Von  Lingelsheim).       *^ 
Streptococcus  cadaveris  (Sternberg). 

218.  Streptococcus  Havaniensis  (Sternberg). 

219.  Streptococcus  Uquefaciens  (Sternberg). 

220.  Micrococcus  tetragenus  versatiHs  (Sternberg). 

221.  Pediococcus  albus  (Lindner). 

222.  Pediococcus  acidi  lactici  (Lindner). 

223.  Pediococcus  cerevisiae  (Balcke). 

224.  Micrococcus  tetrs^nus  mobilis  ventriculi  (Mendoza). 

225.  Micrococcus  tetragenus  subflavus  (Von  Besser). 

226.  Sarcina  aurantiaca. 
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227.  Sarcina  lutea  (Schroter). 

228.  Sarcina  flava  (De  Bary). 

229.  Sarcina  rosea  (Schroter). 

230.  Sarcina  alba  (Eisenberg). 

231.  Sarcina  Candida  (Reinke). 

232.  Sarcina  pulmonum  (Hauser). 

233.  Sarcina  ventriculi  (Qoodsir)*. 

234.  Micrococcus  amylovonis  (Burrill). 

235.  Ascococcus  Billrothii  (Cohn). 

236.  Leuconostoc  mesenteroides  (Cienkowski). 


PART  FOURTH,    SECTION  IX.— NON-PATHOGENIC   BACILLI. 

A.  Chromogenic,  Non-Liquefying  Bacilli. 

237.  Bacterium  luteum  (List). 

238.  Bacillus  aurantiacus  (Frankland). 

239.  Bacillus  brunneus  (Adametz). 

240.  Bacillus  aureus  (Adametz). 

241.  Bacillus  flavocoriaceus  (Eisenberg). 
Sulphur-yellow  bacillus  of  Adametz. 

242.  Bacillus  berolinensis  Indicus  (Classen). 

243.  Bacillus  constrictus  (Zimmennann). 

244.  Bacillus  fluorescens  aureus  (Zimmennann). 

245.  Bacillus  fluorescens  longus  (Zimmermann). 
240.  Bacillus  fluorescens  tenuis  (Zimmermann). 

247.  Bacillus  fluorescens  non-liquefaciens  (Eisenberg). 
24S.  Bacillus  fluorescen?  putidus  (Fliigge). 
24J).  Bacillus  eryiihrosporus  (Eidam). 

250.  Bacillus  viridis  pallescens  (Prick). 

251.  Bacillus  virescens  (Frick). 

252.  Bacillus  iris  (Frick). 

253.  Bacillus  fuscus  (Zimmermann). 

254.  Bacillus  rubefaciens  (Zimmermann). 

255.  Bacillus  striatus  flavus  (Von  Besser). 
250.  Bacillus  subflavus  (Zimmermann). 

257.  Bacillus  cyanogenus  (Hueppe). 

258.  Bacillus  fuscus  limbatus  (Scheibenzuber). 

259.  Bacillus  latericeus  (Eisenberg). 
Ziegelroter  bacillus  (Adametz). 

260.  Bacillus  spiniferus  (Unna). 
201.  Bacillus  rubescens  (Jordan). 
262.  Bacillus  aim  (Griffiths). 
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B,  ChromogeniCy  Liquefying  Bacilli, 

263.  Bacillus  fulvus  (Zimmermann). 

264.  Bacillus  helvolus  (Zimmermann). 

265.  Bacillus  ochraceus  (Zimmermann). 

266.  Bacillus  plicatilis  (Zimmermann). 

267.  Bacillus  janthinus  (Zopf). 
Violet  bacillus. 

268.  Bacillus  violaceus  Laurentius  (Jordan). 

269.  Bacillus  tremelloides  (Schottelius). 

270.  BaciUus  cuticularis  (TUs). 

271.  Flesh-colored  bacillus  (Tils). 

272.  Bacillus  arborescens  (Frankland). 

273.  Bacillus  citreus  cadaveris  (Strassmann). 

274.  Bacillus  membranaceus  amethystinus  (Eisenberg). 

275.  Ascobacillus  citreus  (Unna). 

276.  Bacillus  cceruleus  (Smith). 

277.  Bacillus  fluorescens  Hquefaciens  (Fliigge). 

278.  Bacillus  fluorescens  liquefaciens  minutissimus  (Unna). 

279.  Bacillus  fluorescens  nivalis  (Schmolck). 

280.  Bacillus  lactis  erythrogenes  (Hueppe). 

281.  Bacillus  glaucus  (Maschek). 

282.  Bacillus  lividus  (Plagge  and  Proskauer). 

283.  Bacillus  Indicus  (Koch). 

284.  Bacillus  prodigiosus. 
Micrococcus  prodigiosus. 
Monas  prodigiosa. 

285.  Bacillus  mesentericus  ruber. 
Rothen  Kartoffelbacillus  (Globig). 

286.  Bacillus  pyocyanus  /?  (Ernst). 

287.  Bacillus  mycoides  roseus  (SchoU). 

288.  Bacillus  rosaceum  metalloides  (Dowdeswell). 

289.  Bacillus  viscosus  (Frankland). 

290.  Bacillus  violaceus. 

291.  Bacillus  suKureum  (Holschewnikoff). 

292.  Bacillus  rubidus  (Eisenberg). 

293.  Bacterium  termo  of  Vignal. 

294.  Bacillus  buccalis  minutus. 
Bacillus  g  of  Vignal. 

295.  Bacillus  of  Canestrini. 
(Pathogenic  for  bees.) 
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C  Xon-chromogeiiic,  Non-liquefying  Bacilli. 

296.  Bacillus  ubiquitus  (Jordan). 

297.  Bacillus  candicans  (Frankland). 

298.  Bacillus  albus  (Eisenberg). 

299.  Bacillus  acidi  lactici  (Hueppe). 

300.  Bacillus  limbatus  acidi  lactici  (Marpinann). 

301.  Bacillus  lactis  pituitosi. 

Bacillus  der  schleimigen  Milch  (Loffler). 

302.  Bacillus  aerogeiies  (Miller). 

303.  Bacterium  aerogenes- (Miller). 

304.  Heliobacterium  aerogenes  (Miller). 

305.  Bacillus  aquatilis  sulcatus  No.  I.  (Weichselbauin). 

306.  Bacillus  aquatilis  sulcatus  No.  II.  (Weichselbaum). 

307.  Bacillus  aquatilis  sulcatus  No.  III.  (Weichselbaum). 

308.  Bacillus  aquatilis  sulcatus  No.  IV.  (Weichselbaum). 

309.  Bacillus  aquatilis  sulcatus  No.  V.  (Weichselbaum). 

310.  Bacillus  multipediculus  (Flugge). 

311.  Bacillus  cystiformis  (Clado). 

312.  Bacillus  hepaticus  fortuitus  (Sternberg). 

313.  Bacillus  intestinus  motilis  (Sternberg). 

314.  Bacillus  cavisB  fortuitus  (Sternberg). 

315.  Bacillus  coli  similis  (Sternberg). 

:)16.  Bacillus  filifomiis  Havaniensis  (Sternberg), 

317.  Bacillus  Martinez  (Sternberg). 

318.  Bacillus  epidermidis  (Bizzozero). 

319.  Bacillus  nodosus  parvus  (Lustgai-t^n). 

320.  Bacillus  hyacinthi  septicus  (Heinz). 

321.  Bacterium  gliscrogenum  (Malerba). 

322.  Bacillus  ovatus  minutissimus  (Unna). 

323.  Capsule  bacilli  of  Smith. 

324.  Bacillus  putrificus  coli  (Bienstock). 

325.  Bacillus  subtilis  simulans  No.  I.  (Bienstock). 
;)2t>.  Bacillus  subtilis  simulans  No.  II.  (Bienstock). 

327.  Bacillus  striatus  albus  (Von  Besser). 

328.  Bacillus  stolonatus  ( Adametz). 

329.  Bacillus  ventriculi  (Raczynssky). 

330.  Bacterium  Zopfii  (Kurth). 

331.  Bacteriiun  Ziimianum  (List). 

332.  Bacillus  of  Colomiatti. 

:):53.  Bacillus  scissus  (Frankland). 

334.  Bacillus  No.  I.  of  Fulles. 

335.  Bacillus  No.  II.  of  FuUes. 

336.  Bacillus  phosphorescens  gelidus  (Forster). 
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337.  Bacillus  smaragdino-phosphorescens  (Katz). 

338.  Bacillus  argenteo-phosphorescens  No.  I.  (Katz). 

339.  Bacillus  argenteo-phosphorescens  No.  II.  (Katz). 

340.  Bacillus  argenteo-phosphorescens  No.  III.  (Katz). 

D,  Xon-chromogentc,  Liquefying  Bacilli. 

341.  Bacillus  cyaneo-phosphorescens  (Katz). 

342.  Bacillus  argenteo-phosphorescens  liquefaciens  (Katz). 

343.  Bacillus  phosphorescens  Indicus  (Fischer). 

344.  Bacillus  phosphorescens  indigenus  (iSscher). 

345.  Bacillus  circulans  (Jordan). 

346.  Bacillus  superficiaUs  (Jordan). 

347.  Bacillus  reticularis  (Jordan). 

348.  Bacillus  hyalinus  (Jordan). 

349.  Bacillus  cloacae  (Jordan). 

350.  Bacillus  delicatulus  (Jordan). 

351.  Bacillus  aquatilis  (Frankland). 

352.  Bacillus  diffusus  (Frankland). 

353.  Bacillus  liquidus  (Frankland). 

354.  Bacillus  vermicularis  (Frankland). 

355.  Bacillus  nubilus  (Frankland). 

356.  Bacillus  pestifer  (Frankland). 

357.  Bacillus  filiformis  (Tils). 

358.  Bacillus  devorans  (Zimmermann). 

359.  Bacillus  gracilis  (Zimmermann).  . 

360.  Bacillus  guttatus  (Zimmermann). 

361.  Bacillus  implexus  (Zimmermann). 

362.  Bacillus  punctatus  (Zimmermann). 

363.  Bacillus  radiatus  aquatilis  (Zimmermann). 

364.  Bacillus  vermiculosus  (Zimmermann). 

365.  Bacillus  aerophilus  (Liborius). 

366.  Bacillus  mvcoides  (Fliigge). 

367.  Bacillus  mesentericus  vulgatus  (Fliigge). 
Kartoffelbacillus. 

368.  Bacillus  mesentericus  fuscus  (Fliigge). 

369.  Bacillus  megatherium  (De  Bary). 

370.  Bacillus  albus  putidus  (De  Bary). 

371.  Bacillus  brassici©  (Pommer). 

372.  Bacillus  butyricus  of  Hueppe. 

373.  Bacillus  gasoformans  (Eisenberg). 

374.  Bacillus  carabiformis  (Kaczynsky). 

375.  Bacillus  graveolens  (Bordoni-Uffreduzzi). 

376.  Bacillus  carotarum  (A.  Koch). 
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377.  Bacillus  inflatus  (A.  Koch). 

378.  Bacillus  ramosus. 
Wurtzel  bacillus. 

379.  Bacillus  subtilis  (Ehrenberg). 

380.  Bacillus  subtilis  similis  (Sternberg). 

381.  Bacillus  leptosporus  (L.  Klein). 

382.  Bacillus  sessilis  (L.  Klein). 

383.  Bacillus  aJlantoides  (L.  Klein). 

384.  Bacillus  of  Scheurlen. 

385.  Bacillus  lactis  albus  (Loffler). 

386.  Bacillus  liodermos  (Loffler). 

387.  Bacillus  ulna  (Cohn"). 

388.  Bacillus  ulna  of  Vignal. 

389.  Bacillus  liquefaciens  (Eisenberg). 

390.  Bacillus  maidis  (Cuboni). 

391.  Proteus  sulfureus  (Lindenbom). 

392.  Bacillus  thormophilus  (Miquel). 

393.  Bacillus  tumescens  (Zopf). 

394.  Bacillus  buccalis  maximus  (Miller). 

395.  Leptothrix  buccalis  of  Vignal. 

396.  Bacillus  6  of  Vignal. 

397.  Bacillus /of  Vignal. 

398.  Bacillus  buccalis  fortuitus. 
Bacillus  y  of  Vignal. 

399.  Bacillus  Havaniensis  liquefaciens  (Sternberg). 

400.  Bacillus  liquefaciens  communis  (Sternberg). 

E.  Strictly  Anaerobic  Bacilli. 

401.  Bacillus  muscoides  (Liborius). 

402.  Bacillus  solidus  (Liideritz). 

403.  Bacillus  polypiformis  (Liborius). 

404.  Bacillus  butyricus  (Prazmowski). 
Bacillus  amylobacter. 
Clostridium  butyricum. 

405.  Clostridium  foetidum  (Liborius). 

406.  Bacillus  liquefaciens  magnus  (Luderitz). 

407.  Bcicillus  liquefaciens  parvus  (Luderitz). 

408.  Bacillus  radiatus  (Luderitz). 

409.  Bacillus  spinosus  (Liideritz). 

410.  Bfwillus  anaerobicus  liquefaciens  (Sternberg). 

PART  FOURTH,   SECTION  X. — NON-PATHOGENIC  SPIRILLA. 

411.  Spirillum  sputigenum  (Miller). 

412.  Spirillum  dentium. 
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SpirochsBte  denticola. 

413.  Spirillum  plicatile. 
Spirochfete  plicatilis  (Ehrenberg). 

414.  Vibrio  rugula  (Miiller). 

415.  Spirillum  volutans  (Ehrenberg). 

416.  Spirillum  sanguineum  (Warming). 
Ophidomonas  sanguinea. 

417.  Spirillum  serpens  (Miiller). 

418.  Spirillum  undula  (Ehrenberg). 

419.  Spirillum  tenue  (Ehrenberg). 

420.  Spirillum  ling^uaa. 
Vibrio  lingualis  (Weibel). 

421.  Spirillum  nasale. 
Vibrio  nasaUs. 
Nasenschleimvibrio  (Weibel). 

422.  Spirillum  Of  of  Weibel. 
Vibrio  saprophiles  a  (Weibel). 

423.  Spirillmn /?  of  Weibel. 
Vibrio  saprophiles  /3  (Weibel). 

424.  Spirillum  y  of  Weibel. 
Vibrio  saprophiles  y  (Weibel). 

426.  Spirillum  aureum. 

Vibrio  aureus  (Weibel). 

426.  Spirillum  flavescens. 
Vibrio  flavescens  (Weibel). 

427.  Spirillum  flavum. 
Vibrio  flavus  (Weibel). 

428.  Spirillum  concentricum  (Kitasato). 

429.  Spirillum  rubrum  (Von  Esmarch). 

430.  Spirillum  of  Smith. 

431.  Spirillum  of  Miller. 
Miller's  bacillus. 

PART  FOURTH,   SECTION  XI. — LEPT0TRICHEJ5  AND 
CLADOTRICHEiE. 

432.  Crenothrix  Kuhniana  (Rabenhorst). 

433.  Beggiatoa  alba  (Vauch.). 

434.  Beggiatoa  roseo-persicina  (Zopf). 
Clathrocystis  roseo-persicina  (Cohn). 
Ophidomonas  sanguinea  (Ehrenberg). 
Bacterium  rubescens  (Lankester). 

435.  Beggiatoa  mirabilis  (Cohn). 

436.  Phragmidiothrix  multiseptata  (Engler), 
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437.  Cladothrix  dichotoma  (Cohn). 

438.  Cladothrix  Foersteri. 
Streptothrix  Foersteri  (Cohn). 

439.  Cladothrix  intricata  (Russell). 


PART  FOURTH,   SECTION  XII. — ADDITIONAL  SPECIES  OP  BACTERIA, 

NOT  CLASSIFIED. 

440.  Nitromonas  of  Winogradsky. 

441 .  Nitrifying  hacillus  of  Winogradsky. 

442.  Streptococcus  conglomeratus  (Kurth). 

443.  Bacillus  thaJassophilus  (Russell). 

444.  Bacillus  granulosus  (Russell). 

445.  Bacillus  Umosus  (Russell). 

446.  Spirillum  marinum  (Russell). 

447.  Bacillus  litoralis  (Russell). 

448.  Bacillus  halophilus  (Russell). 

449.  Bacillus  capsulatus  mucosu^  (Fasching). 

450.  Bacillus  of  potato  rot  (Kramer). 

451.  Bacillus  vacuolosis  (Sternberg). 

452.  Bacillus  of  Dantec. 

453.  Bacillus  Havaniensis  (Sternberg). 

454.  Bacillus  amylozyma  (Perdrix). 

455.  Bacillus  rubellus  (Okada). 

456.  Bacterium  uresB  (Jaksch). 

457.  Sarcina  mobilis  (Maurea). 

458.  Bacillus  stoloniferus  (Pohl). 

459.  Bacillus  incanus  (Pohl). 

460.  Bacillus  inunctus  (Pohl). 

461.  Bacillus  flavescens  (Pohl). 

462.  Bacillus  butyricus  of  Botkin. 

463.  Urobacillus  Pasteuri  (Miquel). 

464.  Urobacillus  Duclauxi  (Miquel). 

465.  Urobacillus  Freudenreichi  (Miquel). 

466.  Urobacillus  Maddoxi  (Miquel). 

467.  Urobacillus  Schiitzenbergi  (Miquel). 

468.  Bacillus  of  Bovet. 

469.  Bacillus  Schafferi  (Freudenreich). 

470.  Bacilli  of  Quillebeau — a,  6,  c — (Freudenreich). 

471.  Micrococcus  Freudenreichi  (Quillebeau). 

472.  Bacterium  Hessii  (Quillebeau). 

473.  Bacillus  denitrificans  (Giltay  and  Aberson). 

474.  Bacillus  cyano-fuscus  (Beyerinck). 

475.  Bacillus  pyogenes  soli  (Bolton). 
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476.  Micrococcus  aquatilis  invisibilis  (Vaughan). 

477.  Bacillus  gracilis  anaerobiescens  (Vaughan). 

478.  Bacillus  figurans  (Vaughan). 

479.  Bacillus  albus  anaerobiescens  (Vaughan). 

480.  Bacillus  invisibilis  (Vaughan). 

481.  Bacillus  venenosus  (Vaughan). 

482.  Bacillus  venenosus  brevis  (Vaughan). 

483.  Bacillus  venenosus  invisibilis  (Vaughan). 

484.  Bacillus  venenosus  liquefaciens  (Vaughan). 

485.  Bacillus  aerogenes  capsulatus  (Welch). 

486.  Bacillus  of  Canon  and  Pielicke. 

487.  Bacillus  sanguinis  typhi  (Brannan  and  Cheesman). 

488.  Micrococcus  agilis  citreus  (Menge). 

489.  Bacillus  gracilis  cadaveris  (Sternberg). 

BACTERIOLOGICAL  DIAGNOSIS. 

MICROCOCCI. 

I.  Staphylococci — micrococci,  solitary,  in  pairs,  in  irregular  groups, 
and  occasionally  in  short  chains  or  in  groups  of  four. 
A.  Grow  in   nutrient  gelatin  at  the  room  temperature    (20°   to 
22°  C.)  and  liquefy  the  gelatin. 
a.  Chromogenic  ;  pigment  yellow: 

Staphylococcus  pyogenes  aureus  (1). 

Staphylococcus  pyogenes  citreus  (3). 

Micrococcus  flavus  liquefaciens  (l/>9). 

Micrococcus  citreus  liquefaciens  (164). 

Micrococcus  flavus  desidens  (160). 

Micrococcus  cremoides  (169). 

Micrococcus  of  Almquist  (41). 

Micrococcus  Finlayensis  (210). 

Staphylococcus  salivarius  pyogenes  (10). 
a.  Pigment  red  or  pink  : 

Micrococcus  fuscus  (162). 

Micrococcus  roseus  (170). 

Micrococcus  agilis  (161). 
b    Non-chromogenic : 

Staphylococcus  pyogenes  albus  (2). 

Staphylococcus  pyosepticus  (42). 

Micrococcus  of  Freire  (211). 

Micrococcus  albus  liquefaciens  (188). 

Micrococcus  of  gangrenous  mastitis  in  sheep  (30). 

Micrococcus  ureae  hquefaciens  (203). 

Micrococcus  aerogenes  (187). 
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Micrococcus  radiatus  (190). 
Micrococcus  foetidus  (189). 

B.  Grow  in  nutrient  gelatin  at  the  room  temperature  (20**  to  22°  C.)- 

and  do  not  liquefy  the  gelatin, 
a.  Chromogenic ;  pigment  yellow: 

Micrococcus  versicolor  (173). 

Micrococcus  aurantiacus  (171). 

Micrococcus  cereus  flavus  (178). 

Micrococcus  flavus  tardigratus  (181). 

Micrococcus  luteus  (182). 

Micrococcus  agilis  citreus  (488). 
a.  Pigment  greenish-yellow  : 

Staphylococcus  viridis  flavescens  (184), 
a.  Pigment  violet  : 

Micrococcus  violaceus  (183). 
a.  Pigment  red  or  pink  : 

Micrococcus  cameus  (175). 

Micrococcus  cinnabareus  (176). 

Micrococcus  cerasinus  siccus  (172). 
6.  Non-chromogenic  : 

Micrococcus  candicans  (192). 

Micrococcus  cereus  albus  (177). 

Micrococcus  concentricus  (198). 

Micrococcus  fervidosus  (180). 

Micrococcus  of  bovine  pneumonia  ?  (22). 

Micrococcus  acidi  lactici  (194). 

Micrococcus  aquatilis  (197). 

Micrococcus  cumulatus  tenuis  (199). 

Micrococcus  urese  (202). 

Micrococcus  of  bovine  mastitis  (21). 

Micrococcus  salivarius  septicus  (15). 

Micrococcus  gingivae  pyogenes  (35). 

Micrococcus  rosettaceus  (201). 

Micrococcus  aquatilis  invisibilis  (476). 

C.  Do  not  grow  in  nutrient  gelatin  at  the  room  temperature  : 

Micrococcus  endocarditidis  rugatus  (29). 
Nitromonas  of  Winogradsky  (440). 

D.  Biological  characters  not  determined  : 

Micrococcus  pyogenes  tenuis  (4). 

Micrococcus  of  progressive  abscess  formation  in  mice(12) 

Micrococcus  of  pyaemia  in  rabbits  (13). 

Micrococcus  of  Forbes  (44). 

Nosema  bombycis  (25). 
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II.  Micrococci  united  in  zooglcea  masses  by  an  intercellular  substance: 

Micrococcus  viticulosis  (204). 
Micrococcus  plumosus  (200). 
Micrococcus  candidus  (193). 
Micrococcus  amylovorus  (234). 
Ascococcus  Billrothi  (235). 
Leuconostoc  mesenteroides  (236). 

III.  Micrococci  in  pairs — diplococci^  not  forming  chains. 

A.  Grow  in  nutrient  gelatin  at  the  room  temperature  (20°  to  22"* 

C),  and  liquefy  the  gelatin. 

a.  Chromogenic  ;  pigment  yellow  : 

Diplococcus  subflavus  (16)— stains  by  Gram's  method. 

Micrococcus  botryogenus  (19). 

Diplococcus  flavus  liquefaciens  tardus  (165). 
a.  Pigment  red  : 

Diplococcus  roseus  (168). 
6.  Non-chromogenic  : 

Diplococcus  albicans  amplus  (191). 

Micrococcus  of  Heydenreich  (26). 

B.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  do  not 

liquefy  ;  non-chromogenic. 
a.  Stain  by  Gram's  method  : 

Micrococcus  of  Manfredi  (20). 

Micrococcus  of  trachoma  ?  (17). 
6.  Do  not  stain  by  Gram's  method  : 

Diplococcus' of  pneumonia  in  horses  (32), 

HaBmatococcus  bovis  (34). 

Diplococcus  albicans  tardissimus  (205). 
c.  Staining  by  Gram's  method  not  determined  : 

Diplococcus  coryzsB  (209). 

C  Do  not  grow  in  nutrient  gelatin  at  the  room  temperature  ;  non- 
chromogenic  ;  do  not  stain  by  Gram's  method  : 
Diplococcus  intercellularis  meningitidis  (9). 
Micrococcus  gonorrhoosB  (6). 
Micrococcus  of  Kirchner  (38). 
Micrococcus  of  Demme  (27). 

D.  Biological  characters  imperfectly  determined  : 

Micrococci  of  Disse  and  Taguchi  (p.  404). 

IV.  Micrococci  which  multiply  by  division  in  one  direction  only, 

forming  diplococci  and  streptococci, 
A.  Grow  in  nutrient  gelatin  at  the  room  temperature  (20°  to  22° 
C),  and  liquefy  the  gelatin. 
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a    Chromogenic  ,  pigment  yellow  : 

Diplococciis  luteus  (107). 
a.  Pigment  green : 

Diplococcus  fluorescens  fcetidus  (166). 
6.  Non-cliromogenic. 
1    Grow  on  potato  : 

Micrococcus  No.  II.  of  Fischel  (39). 

Micrococcus  lactis  viscosus  (195). 

Streptococcus  liquefaciens  (219). 

Streptococcus  of  Maimeberg  (28). 

Streptococcus  coli  gracilis  (212). 

Micrococcus  Freudenreichi  (471). 

Streptococcus  albus  (215). 
2.  Does  not  grow  on  potato  : 

Streptococcus  septicus  liquefaciens  (37). 

B.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  do  not 

liquefy. 

a,  Chromogenic  ;  pigment  yellow  : 

Micrococcus  citreus  (179). 
Micrococcus  ochroleucus  (185). 

b,  Non-chromogenic. 

1.  Grow  on  potato  : 

{  Streptococcus  bre\ns  (217). 

(  Streptococcus  cadaveris. 
Pseudodiplococcus  pneumonisD  (36). 
Streptococcus  vermiformis  (216). 

2.  Do  not  grow  on  potato  ;  coagulate  milk : 

Streptococcus  pyogenes  (5). 
Streptococcus  of  mastitis  in  cows  (31). 

3.  Growth  on  potato  not  stated  : 

Streptococcus  coryzsB  contagiosse  equorum  (33). 
Streptococcus  septicus  (23). 
Streptococcus  acidi  lactici  (213). 
Streptococcus  conglomeratus  (4-12). 

C.  Do  not  grow  in  nutrient  gelatin  at  the  room  temperature : 

Micrococcus  pneumonisB  crouposse  (8). 
Streptococcus  of  Bonome  (40). 
Streptococcus  giganteus  urethrse  (214). 

D.  Biological  characters  imperfectly  known  : 

Streptococcus  pemiciosus  psittacorum  (43). 

Streptococcus  bombycis  (24). 

Streptococcus  Havaniensis  (218). 

Micrococcus  of  progressive  tissue  necrosis  in  mice(ll). 
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V.  Micrococci  which  multiply  by  division  in  two  directions,  forming 

diplococci  and  tetrads, 

A.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  liquefy 

the  gelatin. 
a,  Chromogenic ;  pigment  yellow  : 

Diplococcus  citreus  conglomeratus  (163). 

Micrococcus  tetragenus  versatilis  (220). 
6.  Non-chromogenic  : 

Micrococcus  acidi  lactici  liquefaciens  (186). 

Pediococcus  albus  (221). 

B.  Grow  in  nutrient  gelatin  at  the  room  temperature  and  do  not 

liquefy, 
Non-chromogenic  : 

Pediococcus  acidi  lactici  (222). 

Micrococcus  tetragenus  mobilis  ventriculi  (224). 

Pediococcus  cerevisise  (223). 

Micrococcus  tetragenus  (18). 

C.  Do  not  grow  in  nutrient  gelatin  at  the  room  temperature  : 

Micrococcus  tetragenus  subflavus  (225). 
Micrococcus  gonorrhoeaB  (6). 

VI.  Micrococci  which  multiply  by  division  in  three  directions,  form- 

ing cubical  *' packets" — sarcince. 

A.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  liquejy 

the  gelatin. 
a,  Chromogenic ;  pigment  yellow  : 

Sarcina  aurantiaca  (226). 

Sarcina  lutea  (227). 

Sarcina  flava  (228). 
a.  Pigment  red  : 

Sarcina  rosea  (229). 

Sarcina  mobilis  (457). 
6.  Non-chromogenic: 

Sarcina  alba  (230). 

Sarcina  Candida  (231). 

B.  Grov  in  nutrient  gelatin  at  the  room  temperature,  and  do  not 

liquefy. 
Non-chromogenic  : 

Sarcina  ventriculi  (233). 
Sarcina  pulmonum  (232). 
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BACILLL 

I.  Aerobic  hcicilli  (many  of  the  bacilli  in  this  ^oup  are  facultative 
anaerobics). 
A.  Growin  nutrient  gelatin  at  the  room  temperature  (3J0°  to  2'^"  C. ). 
and  liquefy  the  gelatin, 
a.  Chromogenic ;  pigment  yellow  : 

1.  Motile  ;  grow  on  potato  : 

Ba<;illus  ochraceus  (265). 
Bacillus  buccaUs  minutus  (294). 
Bacillus  plicatilis  (266). 
Bacillus  citreus  cadaveris  (273). 
Bacillus  fulvus  (263). 
Bacillus  arborescens  (272). 

2.  Non-motile  or  imdetermined  ;  grow  on  potato : 

Bacillus  cuticularis  (270). 
Bacillus  hydrophilus  fuscus  (81). 
Ascobacillus  citreus  (275). 
Bacillus  helvolus  (264). 
Bacterium  termo  of  Vignal  (293). 
Bacillus  lactis  erythrogenes  (280). 
Does  not  grow  upon  potato ;  phosphorescent : 
Bacillus  argenteo-phosphorescens  liquefaciens  (342). 
a.  Pigment  greenish-yellow  or  green  ;  grow  on  potato. 

1.  Motile: 

Bacillus  fluoresoens  liquefaciens  (277). 

Bacillus  fluorescens  Hquefaciens  minutissimus  (278)- 

Bacillus  fluorescens  nivalis  (279). 

Bacillus  chromo-aromaticus  (134). 

Bacillus  viscosus  (289). 

Bacillus  pyocyanus  (96). 

Bacillus  pyocyanus  fi  (286). 

2.  Non-motile : 

Bacillus  smaragdinus  fcetidus  (78). 
a.  Pigment  violet  or  blue  ;  grow  on  potato, 

1.  Motile: 

Bacillus  violaceus  (290). 
Bacillus  violaceus  Laurentius  (268). 
Bacillus  janthinus  (267). 
Bacillus  lividus  (282). 
Bacillus  cyano-fuscus  (474). 

2.  Non-motile  : 

Bacillus  membranaceus  amethystinus  (274). 
Bacillus  coeruleus  (276). 
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a.  Pigment  red,  pink,  or  brown. 

1.  Motile. 

t  Form  spores  : 

Bacillus  of  Canestrini  (295). 

Bacillus  of  Dantec  (452). 

Bacillus  mesentericus  ruber  (285). 
*  Spore  formation  not  observed  : 

Bacillus  rubidus  (292). 

Bacillus  sulfureum  (291). 

Bacillus  rosaceum  metalloides  (288). 

Flesh-colored  bacillus  (271). 

Bacillus  Indicus  (283). 

2.  Non-motile ;  spore  formation  not  observed  : 

Bacillus  mycoides  roseus  (287). 
Bacillus  glaucus  (28.1). 
Bacillus  prodigiosus  (284). 
Bacillus  tremelloides  (269). 
6.  Non-chromogenic. 
1.  Motile, 
t  Form  spores: 

Bacillus  subtilis  (379). 

Bacillus  subtilis  similis  (380). 

Bacillus  of  Scheurlen  (384). 

Bacillus  Hessii  (472). 

Bacillus  circulans  (345). 

Bacillus  mycoides  (366). 

Bacillus  mesentericus  vulgatus  (3G7)» 

Bacillus  mesentericus  fuscus  (368). 

Bacillus  tumescens  (393). 

Bacillus  alvei  (140). 

Bacillus  butyricus,  Hueppe  (372). 

Bacillus  liodermos  (386). 

Bacillus  ramosus  (378). 

Bacillus  megatherium  (369). 

Bacillus  of  potato  rot  (450). 

Bacillus  maidis  (390). 

Bacillus  inflatus  (377). 

Bacillus  gracilis  (359). 

Bacillus  lactis  albus  (385). 

Vibrio  rugula  (414). 

Bacillus  limosus  (445). 

Urobacillus  Maddoxi  (466). 

Bacillus  vacuolosis  (451). 

Urobacillus  Pasteuri  (463). 
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Uiobacillns  Daclauxi  (464). 

Urobacillns  Freadenreichi  (465). 
*  Spore  formation  not  observed. 
X.  Grow  on  potato  : 

BaciUns  radiatus  aquatilis  (363). 

Bacillus  Termicolosus  (364). 

Bacillus  guttatus  (360). 

Bacillus  pestifer  (356). 

Bacillus  nubilis  (355). 

Bacillus  albus  putidus  (370). 

Bacillus  punctatus  (362). 

Bacillus  hjalinus  (348). 

Bacillus  cloacae  (349). 

Bacillus  Uquefaciens  (389). 

Bacillus  liquidus  (353). 

Bacillus  diffusus  (352). 

Bacillus  delicatulus  (350). 

BaciUus  foetidus  ozsenae  (ill). 

Bacillus  septicus  uleeris  gangraenosi  (127). 

Bacillus  albus  cadaveris  (129). 

Bacillus  leporis  lethalis  (94). 

Bacillus  liquefaciens  cammunis  (400). 

Bacillus  reticularis  (347). 

Proteus  vulgaris  (97) — ^polymorphous. 

Proteus  septicus  (101) — ^polymorphous. 

Proteus  mirabilis  (99) — ^polymorphous. 

Proteus  of  Karlinsky  (98)-7-polymorphous. 

Proteus  sulfureus  (391) — ^pohinorphous. 

Urobacillus  Schutzenbergi  (467). 

Bacillus  b  of  Guillebeau  (470). 

Bacillus  figurans  (478). 

Bacillus  venenosus  liquefaciens  (484). 

Bacillus  phosphorescens  Indicus  (343). 

Bacillus  litoralis  (447). 

Bacillus  halophilus  (448). 

Bacillus  stoloniferus  (458). 
y.  Do  not  grow  on  potato  : 

Bacillus  superficialis  (346). 

Bacillus  devorans  (358). 

Bacillus  aquatilis  (351). 

Bacillus  Havaniensis  liquefaciens  (399). 

Bacillus  cyaneo-phosphorescens  (341). 

Bacillus  phosphorescens  indigenus  (344). 
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z.  Growth  on  potato  not  determined  : 

Bacillus  gasoformans  (373). 

Bacillus  of  Schou  (114). 

Bacillus  carabiformis  (374). 
2.  Non-motile. 
t  Form  spores : 

Bacillus  anthracis  (45). 

Bacillus  brassicse  (371). 

Bacillus  carotarum  (370). 

Bacillus  of  Tricomi  (128). 

Bacillus  vermicularis  (354). 

Bacillus  aerophilus  (365). 

Bacillus  of  Letzerich  (109). 

Bacillus  implerus  (361). 

Bacillus  filiformis  (357). 

Bacillus  granulosus  (444). 
*  Do  not  form  spores,  or  undetermined  : 

Bacillus  ulna  of  Vignal  (388). 

Leptothrix  buccalis  of  Vignal  (395). 

Bacillus  /  of  Vignal  (397). 

Bacillus  b  of  Vignal  (396). 

Bacillus  buccalis  fortuitus  (398). 

Bacillus  varicosus  conjunctivae  (130). 

Bacillus  pulpae  pyogenes  (124). 

Bacillus  gingivae  pyogenes  (122). 

Bacillus  graveolens  (375). 

Pneumobacillus  Uquefaciens  bo  vis  (120). 

Bacillus  incanus  (459). 

Bacillus  inunctus  (460). 
B.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  do  not 
liquefy, 
a.  Chromogenic  ;  pigment  yellow. 

1.  Motile  ;  grow  on  potato  ;  spore  formation  not  observed  : 

Bacillus  aurantiacus  (238). 
Bacillus  subflavus  (256). 
Bacillus  constrictus  (243). 
Bacillus  aureus  (240). 
Bacillus  fluorescens  aureus  (244). 
Bacillus  heminecrobiophilus  (148). 
Bacillus  flavescens  (461). 

2.  Non-motile ;  spore  formation  not  observed  : 

Bacillus  spiniferus  (260)— grows  on  potato. 
Bacillus  of  cholera  in  ducks  (62)— grows  on  potato. 
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Bacillus  fuscus  (253) — ^grows  on  potato. 
Bac.  of  Tizzoni  and  Giovannini  (145) — g^ws  on  potata 
Bacillus  flavocoriaceus  (241). 
Bacillus  luteum  (237). 
3.  Motility  not  determined  ;  grows  on  potato  : 
Bacillus  striatus  flavus  (255). 
a.  Pigment  yellowish-green  or  green. 

1.  Motile  ;  grow  on  potato. 
t  Form  spores : 

Bacillus  of  Lesage  (106). 
Bacillus  eiythrosporus  (249). 

*  Do  not  form  spores  : 

Bacillus  fluorescens  longus  (245). 
Bacillus  fluorescens  tenuis  (246). 
Bacillus  virescens  (251). 
Bacillus  fluorescens  putidus  (248). 
Bacillus  canalis  parvus  (136). 
Bacillus  dentalis  viridans  (123). 

2.  Non-motile ;  do  not  form  spores  ;  grow  on  potato : 

Bacillus  fluorescens  non-liquefaciens  (247). 
Bacillus  iris  (252). 
<i.  Pigment  violet  or  blue  ;  grow  on  potato. 
1.  Motile, 
t  Forms  spores  (?)  ; 

Bacillus  cyanogenus  (257). 

*  Do  not  form  spores,  or  undetermined. 

Bacillus  viridis  pallescens  (250). 
Bacillus  beroliniensis  Indicus  (242). 
Bacillus  cyanogenus  Jordaniensis  (257). 
<i.  Pigment  red,  pink,  or  brown. 

1.  Motile ;  grow  on  potato ;  spore  formation  not  observed : 

Bacillus  rubescens  (261). 
Bacillus  rubefaciens  (254). 
Bacillus  fuscus  limbatus  (258). 

2.  Non-motile. 

t  Forms  spores : 

Bacillus  bninneus  (239). 

*  Do  not  form  spores  : 

Bacillus  latericeus  (259). 
Bacillus  Havaniensis  (453). 
b.  Non-chromogenic. 
1.  Motile, 
t  Form  spores : 

Bacillus  of  Afanassiew  (119). 
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Bacillus  of  Koubasoff  (59). 

Bacillus  putrificus  coli  (324). 

Bacillus  septicus  vesicaB  (132). 
*  Spore  formation  not  observed  : 
X,  Grow  upon  potato  : 

Bacillus  endocarditidis  griseus  (104). 

Bacillus  meningitidis  purulentsd  (131). 

Bacillus  pyogenes  fcetidus  (72). 

Bacillus  enteritidis  (75). 

Bacillus  cedematis  aerobicus  (108). 

Bacillus  hyacinthis  septicus  (320). 

Bacillus  gliscrogenum  (321). 

Bacillus  stolonatus  (328). 

Bacillus  albus  (298). 

Bacillus  aerogenes  (302). 

Bacterium  aerogenes  (303). 

Bacillus  aquatilis  sulcatus  No.  I.  (305). 

Bacillus  aquatilis  sulcatus  No.  II.  (306). 

Bacillus  aquatilis  sulcatus  No.  III.  (307). 

Bacillus  aquatilis  sulcatus  No.  V.  (309). 

Heliobacterium  aerogenes  (304). 

Bacillus  No.  I.  of  Fulles  (334). 

Proteus  lethalis  (102). 

Proteus  Zenkeri  (100). 

Bacillus  of  hog  cholera  (63). 

Bacillus  of  swine  plague,  Marseilles  (65). 

Bacillus  typhi  abdominalis  (40). 

Bacillus  cavicida  Havaniensis  (70). 

Bacillus  No.  I.  of  Roth  (142). 

Bacillus  coli  communis  (89).  i         Usually 

Bacillus  cuniculicida  Havaniensis  (93).  )      ^^^  motile. 

Booker's  bacilli,  d,  e,  /,  g,  h,  k,  n  (89).  )     Motility  not 

Bacillus  cavicida  (G9).  )         stated. 

Bacillus  of  Bovet  (468). 

Bacillus  Schaflferi  (469). 

Bacillus  a  of  GuiUebeau  (470). 

Bacillus  c  of  GuiUebeau  (470). 

Bacillus  graciUs  anaerobiescens  (477). 

Bacillus  invisibihs  (480). 

Bacillus  venenosus  (481). 

Bacillus  venenosus  brevis  (482). 

Bacillus  venenosus  invisibilis  (483). 
y.  Do  not  grow  on  potato  : 

Bacillus  aquatilis  sulcatus  No.  IV.  (308). 
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Bacillus  argenteo-phosphorescens  No.  1  (338). 
Bacillus  argenteo-phosphorescens  No.  3  (340). 
z.  Growth  on  potato  undetermined  : 
Bacterium  Zopfii  (330). 
Bacillus  ventriculi  (329). 
Bacillus  of  Utpadel  (139). 
Bacillus  cystiformis  (311). 
2.  Non-motile. 
t  Form  spores  : 

Bacillus  of  Colomiatti  (332). 
Bacillus  acidi  lactici  (Hueppe)  (299). 
Bacillus  subtilis  simulans  No.  I.  (325). 
Bacillus  epidermidis  (318). 
Bacillus  coprogenes  foetidus  (116). 
*  Spore  formation  not  observed. 
X,  Grow  on  potato  : 
Bacillus  diphtherisB  (47). 
Bacillus  diphtheriaB  columbrarum  (49). 
Bacillus  septicsBmisB  hsemorrhagicse  (61). 
Bacillus  of  Tommasoli  (113). 
Bacillus  pyogenes  soli  (475). 
Bacillus  pneumosepticus  (79). 
Bacillus  acidiformans  (93). 
Bacillus  lactis  aerogenes  (91). 
Bacillus  capsulatus  mucosus  (449). 
Bacterium  urese  (456). 
Bacillus  ubiquitus  (296). 
Bacillus  scissus  (333). 
Bacillus  of  Gessner  (133). 

Bacillus  of  purpura  hsBmorrhagica  of  Kolb  (147). 
Bacillus  of  purpura  hsemorrhagica  of  Babes  (146). 
Bacillus  albus  anaerobiescens  (470). 
Bacillus  tenuis  sputigenus  (82). 
Bacillus  No.  II.  of  Roth  (143). 
Bacillus  of  Schimmelbusch  (110). 
Bacillus  crassus  sputigenus  (71). 
Bacillus  Zumianus  (331). 
Bacillus  of  Fiocca  (96). 

Bacillus  of  intestinal  diphtheria  in  rabbits  (51). 
Bacillus  coli  simiUs  (315). 
Bacillus  Umbatus  acidi  lactici  (300). 
Bacillus  multipediculus  (310). 
Bacillus  No.  II.  of  FuUes  (335). 
Bacillus  candicans  (297). 
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Bacillus  lactis  pituitosi  (301). 

Bacillus  striatus  albus  (327). 

Bacillus  of  Belfanti  and  Pascarola  (64). 

Bacillus  hepaticus  fortuitus  (312). 

Bacillus  phosphorescens  gelidus  (336). 

Bacillus  smaragdino-phosphorescens  (337). 
'  BaciUus  of  Friedlander  (7). 

Bacillus  of  rhinoscleroma  (58). 

Capsule  bacilli  of  Smith  (323). 

Bacillus  capsulatus  (80). 

Bacillus  canalis  capsulatus  (135). 

Proteus  hominis  capsulatus  (73), 

Proteus  capsulatus  septicus  (74). 
y.  Do  not  grow  on  potato  : 

Bacillus  erysipelatos  suis  (67). 

Bacillus  gallinarum  (77). 

Bacillus  of  grouse  disease  (76). 

Bacillus  pseudotuberculosis  (121). 

Bacillus  of'Okada  (144). 

Bacillus  filiformis  Havaniensis  (316). 

Bacillus  nodosus  parvus  (319). 

Bacillus  Martinez  (317). 

Bacillus  argenteo-phosphorescens  No.  II.  (339). 
z.  Growth  on  potato  not  determined  : 

Bacillus  septicus  keratomalaci^  (125). 

Bacillus  oxytocus  pemiciosus  (117). 

Bacillus  of  acne  contagiosa  of  horses  (141). 

Bacillus  endocarditidis  capsulatus  (105). 

Pseudo-diphtheritic  bacillus  (48). 
3.  Motility  not  determined  : 

Bacillus  septicus  agrigenus  (66). 

Bacillus  ovatus  minutissimus  (322). 
Do  not  grow  in  nutrient  gelatin  at  the  room  temperature,  but 
have  been  cultivated  in  other  media. 

1.  Motile : 

Bacillus  mallei  (56) — ^grows  on  potato. 
Bacillus  of  Lumnitzer  (112) — forms  spores. 

2.  Non-motile  : 

Bacillus  tuberculosis  (53). 

Bacillus  tuberculosis  gallinarum  (54). 

Bacillus  of  Demme  (107). 

Bacillus  of  Nocard  (60) — grows  on  potato. 

Bacillus  sanguinis  typhi  (487). 

3.  Motility  not  determined  : 
Bacillus  necrophorus  (115). 
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Bacillus  of  Kartxilis  (138). 
Bacillus  septicus  acuminatus  (126). 
Nitrifying  bacillus  of  Winogradsky  (441). 
Bac.  of  Canon  and  Pielicke — ^measles  bacillus  ?  (486). 
D.  Growth  in  nutrient  gelatin  not  detennined,  but  have  been  cul- 
tivated in  other  media, 
a.  Chromogenic. 

t  Pigment  green : 

Bacillus  aim  (262). 

*  Pigment  blue : 

BaciUiis  indigogenus  (137). 
6.  Non-chromogenic. 

1.  Motile. 

t  Form  spores  : 

Bacillus  leptosporus  (381). 
Bacillus  ulna  (387). 

*  Spore  formation  not  observed  : 

Bacillus  allantoides  (383). 

2.  Non-motile. 

t  Forms  spores . 

Bacillus  sessilis  (382). 

*  Spore  formation  not  detennined  : 

Bacillus  coprogenes  parvus  (68). 

II.  Strictly  anaerobic  bacilli. 

A.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  liquefy 

the  gelatin. 

1.  Motile  ;  form  spores : 

Bacillus  tetani  (149). 

Bacillus  of  symptomatic  anthrax  (152). 

Bacillus  oedematis  maligni  (150). 

Bacillus  spinosus  (409). 

Bacillus  rubellus  (455). 

Bacillus  butyricus  of  Botkin  (462). 

Clostridium  fcetidum  (405). 

Bacillus  liquefaciens  magnus  (406). 

Bacillus  radiatus  (408). 

Bacillus  thalassophilus  (443). 

2.  Non-motile  ;  form  spores  : 

Bacillus  liquefaciens  parvus  (407). 
Bacillus  anaerobicus  liquefaciens  (410). 

B.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  do  not 

liquefy. 
1.  Motile ;  form  spores  : 

Bacillus  polypiformis  (403). 
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Bacillus  solidus  (402). 
Bacillus  amylozyma  (454). 

2.  Non-motile  ;  forms  spores  : 

Bacillus  muscoides  (401). 

3.  Non-motile ;  does  not  form  spores  : 

Bacillus  aerogenes  capsulatus  (485). 
C.  Growth  in  nutrient  gelatin  not  determined,  but  have  been  cul- 
tivated in  other  media. 

1.  Motile ;  forms  spores  : 

Bacillus  butyricus  (404). 

2.  Non-motile ;  spore  formation  not  observed : 

Bacillus  cadaveris  (151). 
III.  Have  not  been  cultivated  in  artificial  media  : 

Bacillus  leprae  (cultivation  claimed)  (54). 
Bacillus  diphtherisB  vitulorum  (50). 
Bacillus  of  Lustgarten  (57). 
Bacillus  buccalis  maximus  (394). 

SPIRILLA. 

Aerobic  spirilla  (many  of  the  species  are  also  facultative  anaerobics). 

A.  Grow  in  nutrient  gelatin  at  the  room  temperature,  and  liquefy 
the  gelatin. 

1.  Motile ;  grow  upon  potato ;   spore  formation  not  deter- 
mined : 

Spirillum  cholersB  Asiaticie  (155). 
Spirillum  of  Finkler  and  Prior  (156). 
Spirillum  tyrogenum  (157). 
Spirillum  Metschnikovi  (158). 
Spirillum  of  Miller  (431). 
Spirillum  marinum  (446). 

B.  Grow  in  nutrient  gelatin,  and  do  not  liquefy  : 

a.  Chromogenic  : 

t  Pigment  yellow ;  non-motile : 

Spirillum  flavum  (427). 

Spirillum  aureum  (425). 
*  Pigment  yellowish-green ;  non-motile : 

Spirillxmi  flavescens  (426). 
I  Pigment  red ;  motile  : 

Spirillum  rubrum  (429). 

b.  Non-chromogenic : 

t  Motile : 
X.  Grow  on  potato  : 
Spirillxmi  saprophiles  a  (422). 
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Spirillum  saprophiles  /?  (4'^3). 

Spirillum  saprophiles  y  (424). 

Spirillum  of  Smith  (430). 
y.  Does  not  grow  on  potato  : 

Spirillum  concentricum  (428). 
*  Kon-motile  : 

Spirillum  nasale  (421). 

Spirillum  linguae  (420). 
0.  Biological  characters  not  determined. 
Pathogenic  : 

Spirillum  Obermeieri  (153).  i 

Spirillum  anserum  (154). 
Non-pathogenic,  or  undetermined  :  I 

Spirillum  serpens  (417).  i 

Spirillum  sanguineum  (416). 

Spirillum  dentium  (412).  ' 

Spirillum  tenue  (419). 

Spirillum  undula  (418). 

Spirillum  volutans  (415). 

Spirillum  sputigenum  (411). 

Spirillum  plicatile  (413). 
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bacillus,  toxalbumin  of,  832 

bacillus,  formation  of  spores,  381 
Antiseptics,  action  of,  156 

comparative  value  of,  178 
Antiseptic  value,  method   of  determin* 

ing,  156, 157 
Antitoxine  of  pneumonia,  257,  808 

of  tetanus,  256 
Antitoxines,  256 
Arnold's  steam  sterilizer,  54 
Arsenious  acid,  germicidal  value  of,  175 
Arthrospores,  116 
Ascobacillus  citreus,  684 
Ascococcus,  generic  characters,  17 

Billrothii,  618 

Johnei,  815 

73 


Aseptol,  germicidal  value  of,  190 
Atmospheric  bacteria,  541 

methods  of  collecting,  541-560 
general  results  of  researches  made, 

550 
list  of  species  found,  552 
Miquers  method  of  collecting,  546  ; 

Petri's  method,  548 
soluble  filter  for  collection  of,  549 
Attenuation  of  virulence,  128,  288 
by  antiseptic  agents,  124 
by  cultivation  in  blood  of  immune 

animal,  125 
by  heat,  124 

Bacilli,  general  characters  of,  18 

morphology  of,  28 
Bacillus,  generic  characters,  18 

aciditormans.  449 

acidi  lactici,  645 

of  acne  contagiosa  of  horses,  478 

aerogenes  cai^ulatus,  731 

aerophilus,  672 

of  Afanassiew,  469 

agilis  citreus,  788 

albus,  645 

albus  anaerobiescens,  729 

albus  cadaveris,  478 

albus  putidus,  675 

allantoides,  680 

allii,  629 

alvei,  477 

amyloz^ma,  718 

anaerobicus  liquefaciens,  698 

anthracis,  828 

aquatilis,  666 

aquatilissulcatus  No.  I.,  646 

aquatilis  sulcatus  No.  II.,  647 

aquatilis  sulcatus  No.  III.,  647 

a^iuatilis  sulcatus  No.  IV.,  648 

aquatilissulcatus  No.  V.,  648 

arborescens,  688 

argenteo-phosphorescens  No.  I.,  659 

argenteo-phosphorescens  No.  II. ,  659 

argenteo-phosphorescens    No.    III., 


argenteo-  phosph  orescens 

cieiis,  661 
aurantiacus,  620 


liquefa- 
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Bacillus  aureus,  621 

of  Babes  and  Oprescu,  485 
of  Belf aati  and  jPascarola,  417 
beriolinensis  Indicus.  631 
of  Booker,  443-446,  463 
of  Bovet,  724 
brassicffi,  676 
brunneus,  620 
buccalis  fortuitus,  685 
buccalis  maximus,  683 
buccalis  minutus,  643 
butyricus,  688 
butyricus  of  Botkin,  721 
butyricus  of  Hueppe,  675 
cadaveris,  492 
canalis  capsulatus,  476 
canalis  parvus,  476 
candicans.  644 
of  Canestrini.648 
of  Canon  and  Pielicke,  731 
capsulatus,  431 
capsulatus  mucosus,  716 
carabiformis,  676 
carotarum,  676 
cavisB  fortuitus,  650 
cavicida,  425 
cavicida  Havaniensis,  425 
of  Cazal  and  Valllard,  435 
choleree  gallinarum,  408 
chromo-aromaticus,  475 
circulans,  663 
citreus  cadaveris,  633 
cloacse,  065 
cceruleus,  635 
coli  communis,  439 
coli  similis,  650 
of  Colomiatti,  656 
constrictus,  622 
coprogenes  parvus,  424 
coprogenes  icetidus,  468 
crassus  sputigenus,  426 
cuniculicida,  408 
cuniculicida  Havaniensis,  450 
cuticularis,  632 
cyanogenus,  626 
cyaneo  phosphorescens,  661 
cyano  f  uscus,  727 
cystiformis,  649 
of  Dantec,  717 
delicatulus,  666 
of  Demme,  465 
denitriflcans,  727 
dental  is  viridans,  471 
devorans,  669 
diffusus,  667 
diphtherise,  360  ' 

diphtheriffi  columbrarum,  367 
diphtheriee  vitulorum,  368 
endocarditidifl  capsulatus,  464 
endocarditidis  griseus,  468 
enteritidis,  429 
epidermidis,  651 
erysipelatos  suis.  420 
erythrosporus,  024 
flgurans,  729 


Bacillus  miformis,  669 

flliformis  Havaniensis,  650 

of  Fiocca,  456 

flavocoriaceus,  621 

flavescens,  721 

fluorescens  aureus,  622 

fluorescens  li(^uefaciens,  635 

fluorescens    hquefaciens    minutissi* 

mus,6d6 
fluorescens  longus,  622 
fluorescens  nivalis,  636 
fluorescens  non-liquefaciens,  623 
fluorescens  putidus,  624 
fluorescens  tenuis,  623 
foetid  us  ozaenffi,  466 
No.  I.  of  PuUes,  657 
No.  II.  of  Fulles,  657 
fulvus,  629 
fuscus.  625 
f  uscus  limbatus,  628 
gallinarum.  430 
gaaoformans,  676 
of  Gessner,  475 
gingivae  pyogenes,  471 
glaucus,  6i87 
gracilis,  670 

gracilis  anaerobiesoens^  728 
gracilis  cadaveris,  733 
granulosus,  711 
graveolens.  676 
of  grouse  disease,  429 
of  Guillebeau,  a,  6,  e,  726 
guttatus.  670 
lialophilus,  716 
Havaniensis,  718 
Havaniensis  Hquefaciens,  686 
helvolus,  630 
heminecrobiophilus,  481 
hepaticus  fortuitus,  649 
Hessii,  727 
of  hog  cholera,  413 
hyacinthi  aepticus,  651 
hyalinus,  666 
hydrophilus  fuscus,  432 
implexus.  671 
incanus,  720 
Indicus,  637 
indigogenus,  476 
inflatus,  677 
of  influenza,  371 
intestinus  motilis.  649 
of  intestinal  diphtheria  in  rabbits, 

868 
invisibilis,  729 
inunctus,  721 
iris,  625 
ianthinus,  631 
of  Je£Frie8,  448 
of  Kartulis,  477 
of  Koubasoff,  405 
lactis  albuB,  680 
lactis  erythrogenes,  686 
lactis  pituitosi,  645 
latericeus,  638 
of  Laser,  484 
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Bacillus  leporis  lethalis,  458 
lepra,  394 
leptosporus,  679 
of  Lesage,  464 
of  Letzerich,  466 
limosuB,  718 

limbatus  acidi  lactici,  645 
liodermoB.  680 
liquefaciens,  683 
liquefaciens  communis,  686 
liquefaclens  magnus,  690 
liquefaciens  parvus,  690 
liquiduB,  667 
litoralis,  714 
lividus,  687 
of  Loeb,  487 
of  Lucet,  486 
of  Lumnitzer,  467 
maldis.  682 
malariee  of  Klebs  and  Tommasi-Cni* 

deli,  523 
mallei,  396 
marinus,  714 
Martinez.  651 
of  measles,  731 
megatherium,  674 
membranaceuB  amethystinus,  684 
meningitidis  puruleotee,  474 
mesentericus  fuscus,  674 
mesentericus  ruber,  639 
mesentericus  vulgatus,  678 
multipediculus.  648 
murisepticus  420 
murisepticus  pleomorphus,  460 
muscoides.  687 
mycoides,  678 
mycoides  roseus,  640 
Neapolitanus,  439 
necrophorus,  468 
of  Nocard,  406 
nodosus  parvus,  651 
nubilus,  668 
ochraceus,  630 
oedematis  aSrobicus,  465 
oedematis  maligni,  488 
of  Okada.  479 
ovatus  minutissimus,  652 
oxytocus  pemiciosus,  469 
pestifer,  669 

phosphorescens  gelidus,  658 
phosphorescens  Indicus,  662 
phosphorescens  iudigenus,  668 
plicatus.  630 
pneumoniae,  296 
pneumosepticus,  481 
polypiformis,  687 
prddigiosus,  638 
pseudotuberculosis,  470 
pulpse  pyogenes,  471 
punctatus,  671 

of  purpura  hsemorrhagica,  480,  481 
putriflcus  coll,  654 
pyocyanus,  454 
pyocyanus  ft,  689 
pyogenes  f oetidus,  427 


Bacillus  pyogenes  soli,  728 
radiatus,  691 
radiatus  aquatilis,  671 
ramosus,  677 
reticularis,  664 
of  rhinoscleroma,  404 
rosaceum  metalloides,  640 
of  Roth,  479 
rubef  aciens,  625 
rubellus,  719 
rubescens,  629 
rubidus,  642 
salivarius  septicus,  298 
sanguinis  typhi,  782 
saprogenes  II.,  469 
Schafferi,  725 
of  Scheurlen,  680 
of  Schimmelbusch,  466 
ofSchou,  468 
scissus,  656 

septicfiemisB  hsemorrhagica,  408 
septicus  acuminatus,  472 
septicus  agrigenus,  419 
septicus  keratomalaciffi,  472 

septicus  sputigenus.  298 

septicus  ulceris  gangraBnosi,  472 

septicus  vesicflB,  475 

sessilis.  679 

smaragdinus  foetidus,  480 

smaragdino- phosphorescens,  658 

solidus,  688 

spiniferus,  628 

spinosus,  693 

stolonatus,  654 

stoloniferus,  720 

striatus  albus,  654 

striatus  flavus,  626 

subflavus.  626 

subtilis,  677 

subtilis  simulans  No.  I.,  654 

subtilis  simulans  No.  II.,  654 

sulfureum.  641 

superficialis.  664 

of  swine  plague,  417 

of  symptomatic  anthrax,  498 

tenuis  sputigenus,  438 

tetani,  482 

thalassophilus,  711 

thermophilus,  682 

of  Tommasoli,  467 

tremelloides,  632 

of  Tricomi,  478 

tuberculosis,  875 

tuberculosis  gallifiarum,  892 

tumescens,  &3 

typhi  abdominalis,  846 

typhi  murium,  434 

typhosus,  846 

ubiquitus,  644 

ulna,  681 

ulnaof  Vignal,681 

of  Utpadel,  477 

vacuolosis,  717 

yaricosus  conjunctivee.  474 

venenosus,  729 
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Bacillus  venenosus  brevis,  730 

yenenosus  invisibilis,  730 

venenosus  liquefaciens,  780 

ventriculi,  655 

yermicularis,  668 

vermiculosua,  672 

h  of  Vignal,  684 

/of  Vignal,685 

j  of  Vignal,  685 

Tiolaceus,  641 

violaceus  Laurentius,  681 

virescens,  624 

Tiridis  pallescens,  624 

viscosus,  640 
Biicillus  coli  communis  in  peritonitis,  447 

tuberculosis,  spore  formation  (?),  879; 
thermal  death  point,  880 

taberculosis ;  staming  methods,  877 

typhi  abdominal  is,  flagclla  of,  847 

typhi  abdominalis,    in  spleen,  841 ; 
in  faeces,  841;  in  water,  850 

typhi  abdominalis;  chemical  products 
of,  844 
Bacteria  in  the  air,  541 
Bacterial  cells,  chemical  composition  of, 

117 
Bacteriological  diagnosis.  785 
Bacterium  aerogenes.  646 

coli  commune,  489 

gliscrogenum,  652 

lactis  aSrogenes,  447 

luteum,  620 

termo  of  Vignal,  642 

tholoideum,  475 

ureie.  720 

Zopfii,  656 

Zllruianum,  656 
Baumgarten.  classification  of,  12 
Beggiatoa.  sulphur  grains  in,  24 

alba,  705 

mirabilis.  706 

roseo  persicina,  705 
Benzene,  jrermicidal  value  of,  190 
Benzoic  acid,  germicidal  value  of,  175 
Beriberi,  bacteria  in,  514 
Bibliography,  7^5  to  816 
Biological  characters,   mollifications  of, 

122 
Biskra  button,  micrococcus  of,  318 
Blood  serum,  collection  of,  37 

cultures  upon,  75 

germicidal  value  of,  198,  229 

sterilizntiou  of.  55 
Booker's  bacilli,  443-446 
IV^raric  acid,  germicidal  value  of,  174 
Bouillon,  41 
Bread  paste,  49 
Brieiri'fs  bacillus,  425 
Bright's  disease,  micrococci  in,  319 
Bromine,  germicidal  value  of.  170 
Bronchitiv«$,  bacteria  in,  467,  515 
Buchners  method  of  cultivating  anae- 
robic bacteria,  83 
BQffelseuche,  bacillus  of.  408 
Butter,  bacteria  in,  590 


Butyric  acid,  production  of,  130 
germicidal  value  of,  175 

Oadaverin,  189 

Cadavers,  bacteria  in,  585 

Calcium  hydroxide,  germicidal  value  of, 
176 
chloride,  antiseptic  value  of,  180 
hypochlorite,  germicidal  value  of,  IsO 

Camphor,  germicidal  value  of,  19*) 

Capsule  bacilli  of  Smith.  6-i2 

Carbolic  acid,  germicidal  value  of,  191 

Carbon  dioxide,  action  of,  160 

Carbonic  oxide,  action  of,  166 

Carcinoma,  bacteria  in,  515 

Catarrhal  inflammations,  220 

Caucasian  milk  ferment,  132 

Cerebro-spinal   meningitis,   bacteria  in, 
518 

Chancroid,  bacteria  in,  515 

Charbon,  327 

symptomatique,  bacillus  of,  493 

Cheese,  bacteria  m,  590 

Chemiotaxis,  285 

Chloral  hydrate,  antiseptic  value  of,  \^\ 

Chlorine,  antiseptic  and  germicidal  value 
of,  169 

Chloroform,  antiseptic  value  of.  169 

Cholera  in  ducks,  bacillus  of.  413 
infantum,  bacteria 4n,  515 
infantum,  Proteus  vulgaris  in,  4. "19 
nostras,  bacteria  in,  515 

Stomal  nes,  142 
3,  140 
Chromic  acid,  germicidal  value  (»f .  173 
Chronic  infectious  diseases,  bacilli  in,  374 
Citric  acid,  germicidal  value  of,  174 
Cladothrix,  morphology  of,  24 

intricata,  708 

dichotoma,  706 

Poerstcri.  707 
Cladotrichea?.  703 

general  characters  of,  19 
Classification.  10 

biological,  14-16 

morphological,  13 

of  pathogenic  bacteria,  583 

of  Baumgarten,  12 

of  Cohn.  11 

of  Davaine.  10 

of  Dujardin,  10 

of  Ehrenberg,  10 

of  Hoffmann.  10 

of  Hueppe,  16 

of  Nfl?eli,  11 

of  Robin,  8 

of  Sachs,  11 

of  Zopf.  12 
Clathrocystis  roseo- persicina,  705 
Clostridium,  morphology  of,  23 

foeUdum.  689 
Coal-tar  products, germicidal  value  of,  1  ^ 
Coffee  infusion,  germicidal  value  of.  193 
Cohn,  classification  of,  1 1 
Colon  bacillus,  439 


Digitized  by  CjOOQIC 


INDEX. 


881 


Colon iea  of  bacteria,  general  characters 

of,  71 
Comma  bacillus  of  Koch,  500 
Conjunctivitis,  bacteria  in,  517,  574 

bacilU  in.  474.  477 

pus  cocci  in,  283 
Contact  preparations.  37 
Corrosive  sublimate,  germicidal  value  of, 

182 
Corjza,  bacteria  in,  517 
Cotton  air  filter,  4 
Crenothrix  Ktlhniana,  703 
Creolin,  germicidal  value  of,  192 
Cresol,  germicidal  value  of,  198 
Croupous  pneumonia,  bacteria  in,  288 

etiology  of,  288-298 
Culture  media.  37 
Cultures  in  liquid  media,  00 

in  solid  media,  67 
Cupric  sulphate,  germicidal  value  of,  181 
Cystitis,  bacilli  in,  475,  517 

Darmbacillus  of  Schottelius,  468 
Davaine,  classification  of,  10 
Davaine's  septicemia,  bacillus  of,  408 
Decolorization,  28 
Demme,  bacillus  of,  465 
Deueke,  spirillum  of.  511 
Dengue,  bacteria  in,  519 
Defensive  proteids,  260 
Desiccation,  effect  of,  151 
Diagnosis,  bacteriological,  785 
Dimensions  of  bacteria,  20 
Diplococcus  albicans  amplus,  603 

coryzflB,  608 

citreus  liquefaciens,  595 

citreus  conglomeratus.  594 

fluorescens  foetidus,  596 

flavus  liquefaciens  tardus,  595 

intercellularis  meningitidis,  310 

luteus,  596 

pneumoniae.  298 

of  pneumonia  in  horses,  823 

roaeus,  596 
Disinfectants,  general  account  of  the  ac- 
tion of.  156 
Disinfection,  practical  directions  for,  201 

by  steam,  203 

of  clothing.  202 

of  ships,  203 

of  the  sick-room,  202 

in  diphtheria,  210 

of  excreta,  206 
Disinfektol,  germicidal  value  of,  194 
Diphtheria,  bacteria  in,  856 

experiments  on  animals.  359,  362 

bacillus,  toxalbumin  of,  364 

bacillus,  immunity  from,  364 
Diphtheritic  inflammations,  219 
Double  staining,  28 
Drop  cultures,  62 
Dujardin,  classification  of^  10 

Eczema  epizoOtica,  bacteria  in,  519 
Eggs,  bacteria  in,  591 


Ehrenberg,  classification  of,  10 
Ehrlichia  solution,  29 
Ehrlich-Weigert  solution,  29 
Electricitv,  action  of,  upon  bacteria,  154 
Emmerich's  bacillus.  439 
Empyema,  bacteria  in,  520 
Endocarditis,  ulcerative,  271 

bacteria  in,  520 

micrococci  in,  320  ^^ 

streptococcus  pyogenes  in,  !2<4i 278 
Enzymes,  tryptic,  129  ^ 

Erysipelas,  etiology  of,  274,  277 
Erythema,  bacteria  in,  521 

nodosum,  465 
Von  Esmarch's  roll  tubes,  74 
Esmarch's  method  of  cultivating  anat^ro- 

bic  bacteria,  82 
Essential  oils,  germicidal  value  of,  194 
Ether,  germicidal  value  of,  194 
Eucalyptol,  germicidal  value  of.  195 
Excreta,  disinfection  of,  201,  206 
Experiments  upon  animals,  94 

Faeces,  bacteria  in,  588,  584 
Farcy  in  cattle,  406 
Fermentation,  putrefactive,  134 

of  urea,  132 

viscous,  133 
Ferments,  soluble,  136 
Ferric  chloride,  germicidal  value  of,  182 
Ferrous  sulphate,  germicidal  value  of, 

181 
Pinkler  and  Prior,  spirillum  of,  509 
Fiocca,  bacillus  of,  456 
Fixine,  upon  cover  glass,  26 
Flagella,  methods  of  staining,  32 

of  bacilli,  24 

of  bacteria.  112 
Flesh-colored  bacillus,  632 
Flesh  pe|>tone  gelatin,  41 

solution,  41 
Foot  and  mouth  disease,  bacteria  in.  519 
Formic  acid,  germicidal  value  of,  175 
Foul  brood,  bacillus  of,  477 
Fowl  cholera,  bacillus  of.  408 
Frftnkel's  method  of  cultivating  anaero- 
bic bacteria,  80 
Freezing,  action  of,  upon  bacteria,  145 
Friedlftnder's  bacillus,  296 

method  of  staining  tubercle  bacilli. 


Ghibbett's  method  of  staining  tubercle  ba- 
cilli, 80 
Gallic  acid,  germicidal  value  of,  175 
Gkbses,  action  of,  upon  bacteria,  164 
Qermicides,  action  of,  156 
Germicidal  value,  methods  of  determin- 
ing. 158 
Gibier.  bacillus  of,  453 
Glanders,  bacillus  of,  896 

bacillus,  staining  of,  897 

diagnosis  of,  401 
Glycerin,  germicidal  value  of,  195 

•agar,  43 
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€k>]d  chloride,  germicidal  value  of,  183 

Gonococcus,  288 

Oram's  method,  29 

Granuloma  f  ungoides,  bacteria  in.  521 

Green  pus,  bacillus  of,  454 

Grouse  disease,  bacillus  of,  429 

Growth,  conditions  of,  118 

Hsmatococcus  bovis,  922 
Hail,  bacteria  in.  659  . 
Hands,  disinfection  of.  205 
Heat,  action  of,  upon  bacteria,  145 

moist,  action  of,  146 

diT,  action  of.  146 
Helicobacterium  aSrogenes,  646 
Heterogenesis,  5 
Historical,  8 

Hoffmann,  classification  of.  10 
Hog  cholera,  bacillus  of,  4i3 

erysipelas,  bacillus  of,  420 
Hot-air  ovens,  52 
Hydrant  water,  bacteria  in.  561 
Hydrochloric  acid,  germicidal  value  of, 

173 
Hydrofluoric  acid,  :;ermicidal  value  of, 

171 
Hydrogen  peroxide,  antiseptic  and  ger- 
micidal value  of.  165 
Hydrophobia,  bacteria  in.  521 
Hydrosulphuric  acid,  action  of,  167 

formation  of.  134 
Hydroxy lamin,  germicidal  value  of,  195 

Ice,  bacteria  in,  560 
Icterus,  bacteria  in,  523 
Immunity,  226 

acquired.  232 

from  injection  of  filtered  cultures, 
234 

theories  of,  237 
Impftetanus  b&cilhis.  417 
Incubating  ovens,  ^6 

oven  of  D*Arsonval,  82 

oven  of  Roux.  93 
Infection,  channels  of,  223 

mixed.  223 

secondary,  221 
Inflammations  of   mucous    membranes, 

pus  cocci  in.  281 
Influenza,  bacteria  in,  370 
Infusoria,  8 
Injections  into  the  e^e,  97 

into  the  circulation.  96 

into  peritoneal  cavity,  96 

into  the  intestine,  97 
IntP5tiDC.  bacteria  in,  580,  582 
Involution  forms.  23 
I(Hline.  irermicidal  value  of.  169 

trii'hloride.  germicidal  value  of,  170 
Iodoform,  irermicidal  value  of,  170 
Iron,  sulphate  of,  antiseptic  value,  182 

Jeffrit^'  bacilli.  448 

Jequirity  solution,  as  culture  medium,  47 


Karlinsky's  method  of  filtering  agar,  45 
Kartulis,  bacillus  of,  477 
Koch's  plate  method,  72 

method  of  staining  flagella,  32 
syringe,  95 
KQhne's  method  of  staining  bacteria  in 
tissues,  84 

Lactic  acid,  germicidal  value  of.  1 74 

fermentation,  588 
Lake  water,  bacteria  in,  560 
Lanolin,  germicidal  value  of.  196 
Lead  chloride,  germicidal  value  of.  182 

nitrate,  germicidal  value  of,  183 
Leprosy,  bacillus  of.  894,  523 
Leptothriz  buocalis  of  Vlgnal,  684 
Leptotrichete,  708 

general  characters  of,  19 
Lesage,  bacillus  of,  464 
Leuconostoc,  generic  characters,  IT 

mesenteroides,  619 
Liborins*  met  hod  of  cultivating  anaerobic 

bacteria,  88 
Light,  action  of,  upon  bacteria.  151 
Liquid  media,  cultures  in,  60 
Liquefaction  of  gelatin,  70, 128 
List  of  bacteria  described,  737 
Lochial  discharge,  bacteria  in,  578 
LOfller's  solution,  29 

method  of  staining  flagella,  32 
Lustgarten,  bacillus  of,  402 

Malachite  green,  germicidal  value  of,  19<) 

Malaria,  5ZS 

Malic  acid,  germicidal  value  of,  175 

Malignant  pustule,  3i7 

Malignant  oedema,  badllus  of,  488 

Mallein,  144 

Marsh  gas,  formation  of,  134 

Mastitis,  bovine,  micrococcus  of,  317 

Mastitis  in  sheep,  micrococci  in.  3^ 

in  cows,  streptococcus  of,  3:21 
Measles,  bacteria  in,  524 
Meats,  bacteria  in,  590 
Meatus-urinarius,  bacteria  of,  578 
Meningitis,  bacteria  in,  474,  524 
Mercuric  chloride,  germicidal  value  of. 
182 

cyanide,  germicidal  value  of,  IM 

iodide,  antiseptic  value  of,  184 
Merismopedia,  generic  chancters.  17 
Methane,  action  of,  167 
Methyl  violet,  germicidal  value  of,  189 
Methylamine.  140 
Methyl  guanidin,  141 
Metritis,  puerperal,  eUology  of,  274 
Micrococci,  genersl  characters  of,  17 
Micrococcus  acid!  lacticL  603 

acidi  lactici  liquefadens,  COl 

aerogenes,  602 

agilis,594 

albicans  tardus.  607 

albicans  tardissimus.  607 

albus  liquefaciena,  603 

of  Almquist,  325 
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Micrococcus  amylovorus,  618 
aquatilis,  604 
aquatilis  invUibilis,  728 
ascoformans,  815 
aurantiacus,  597 
botryogenus   815 
of  bovine  mastitis,  317 
of  bovine  pneumonia,  317 
candicans,  603 
candidus,  603 
carneus,  598 
cerasinus  siccus,  599 
cereus  albus,  599 
cereus  flavus,  599 
cinnabareus,  599 
citreus,  599 
concentricus,  604 
cremoides,  597 
cumulatus  tenuis,  605 
of  Dantec,  598 
of  Demme.  319 
endocarditidis  rugatus,  320 
fervidosus,  600 
Finlayensis,  608 
No.  II  of  Fischel,  824 
fiavus  desidens.  594 
flavujB  liquefaciens,  598 
flavus  tardigradus,  600 
fcetidus,  6U^ 
of  Forbes,  326 
of  Freire,  608 
Freudenreichi,  726 
fuscus,  594 
of   gangrenous   mastitis   in   sheep, 

gingivae  pyogenes,  328 

gonorrhcese,  283 

of  Heydenreich,  318 

of  Kirchner,  324 

lactis  viscosus,  604 

luteus,  600 

of  Manfredi,  816 

of  Manneberg,  319 

ocbroleucus,  601 

ovalis,  608 

ovatus,  318 

Pasteuri,  298 

plumosus.  605 

pneumoniae  crouposse,  298 ;  in  saliva 
of  healthy  persons,  298 ;  in  pneu- 
monic sputum,  299;  in  meningitis, 
300  in  otitis  media,  301 ;  in  ul- 
cerative endocarditis,  301 ;  in  acute 
abscesses.  301 

of  pyeemia  in  rabbits,  312 

pyogenes  tenuis,  274 

radiatus.  602 

rosettaceus,  605 

roseus,  597 

salivarius  pyogenes,  311 

salivarius  septicus,  812 

of  septicaemia  in  rabbits,  312 

subflavus,  312 

tetragenus,  314 

tetragenus  mobilis  ventriculi,  615 


Micrococcus  tetragenus  subflavus,  615 

tetragenus  versatilis,  613 

of  trachoma  (?),  313 

ure«,  606 

ureae  liquefaciens,  606 

versicolor,  598 

violaceus,  6U1 

viticulosus,  606 
Microzyma  bombycis,  318 
Milk,  bacteria  in,  588,  590 

as  a  culture  medium,  39 

germicidal  value  of,  200 

fermentation  of,  589 
Milzbrand.  327 

Miquel's    method    of   collecting    atmo- 
spheric bacteria,  546 
Mixed  infection,  222 
Modes  of  action  of  pathogenic  bacteria, 

215 
Modification    of   biological    characters, 

123 
Morphology  of  bacteria,  20 
Motions  of  bacteria,  118 
Mouse  septicaemia,  bacillus  of,  420 
Mouth,  bacteria  of,  575 

list  of  bacteria  found  in,  579 
Mucous  membranes,  bacteria  of,  573 
Mailer's  method  of  staining  spores,  83 
Muscarin,  140 

Mustard,  oil  of,  antiseptic  value,  196 
Mykoprotein,  117 

Ndgeli,  classification  of.  11 

Naphthol,  germicidal  value  of,  196 

Nares,  bacteria  of,  575 

Nasal  catarrh,  pus  cocci  in,  282 

Neisser's  method  of  staining  sporse,  81 

Nephritis,  bacteria  in,  466,  524 

Neuridin.  139 

Neurin,  140 

Nitrates,  reduction  of,  136 

Nitric  acid,  germicidaJ  value  of,  173 

Nitrification,  136 

Nitrifying  bacillus  of  Winogradsky,  710 

Nitrifying  bacilli.  709-711 

Nitromonas  of  Winogradsky,  709 

Nitrous  oxide,  action  of,  167 

Nitrous  acid,  germicidal  value  of,  173 

Noma,  bacilli  in.  466 

Nose,  list  of  bacteria  found  in,  579 

Nosema  bombycis,  318 

Nutrient  gelatin,  preparation  of,  42 

Okada,  bacillus  of,  479 
Ophidomonas  sanguinea,  705 
Otitis  media,  bacteria  in  525 

Micrococcus  pneumonias    crouposse 
in,  301 

pus  cocci  in,  281 
Osmic  acid,  germicidal  value  of,  173 
Osteomyelitis,  270 

bacteria  in,  525 
Oxalic  acid,  germicidal  value  of,  174 
Oxygen,  action  of,  upon  bacteria,  164 
Ozffina,  bacteria  in,  466,  526 
Ozone,  action  of,  upon  bacteria,  164 
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PaDhistophyton  ovatum,  318 

Papin's  digester.  54 

Parasites,  facultattve.  120 

Parasitic  bacteria,  215 

Parasitism,  120 

Parotitis,  bacteria  in,  526 

Pasteur-Cbambertain  filter,  57 

Pasteur's  solution,  46 

method  of  inoculating  rabbits  for 
rabies.  97 

Pathogenic  bacteria,  classification  of.  538 
in  water,  563,  565 

Pediococcus  albus,  614 
cerevisis.  615 

Pemphigus,  bacteria  in,  526 
acutus,  micrococcus  of ,  319 

Pentcillum  glaucum,  542 

Pepixsrmint,  oil  of.  antiseptic  value,  196 

Peptotoxin,  141 

Peritonitis,  bacteria  in,  526 

Bacillus  ooli  communis  in,  447 

Perlsucht,  375 

Petri's  dishes,  78 

method  of  collecting  atmospheric 
bacterid.,  548 

Phagocytosis.  245 

Phosphorescence,  187 

Phosphoric  acid,  germicidal  value  of.  173 

Photographing  bacteria,  101 

by  sunlight,  105 ;  by  gaslight.  107; 
bv  electric  light,  105  ;  by  calcium 
light,  105 

Phragmidiothrix  moltiseptata,  706 

Phylaxins,  260 

Physical  agents,  influence  of,  145 

Pigment,  production  of ,  126 

Plate  method  of  Koch.  72 

Pleuritis,  bacteria  in,  527 

Pleuro- pneumonia  of  cattle,  bacteria  in, 
527 

Pneumobacillus  liquefaciens  bovis,  470 

Pneumonia,  bovine,  micrococcus  of,  317 
bovine,  bacilli  in,  470 
in  horses,  diplococcus  of,  822 

Pneumotosin,  257,  308 

Post-mortem  examination  of  animals.  99 

Potassium  arsenite,  germicidal  value  of, 
185 
bichromate,  germicidal  value  of.  185 
bromide,  antiseptic  value  of,  18o 
chlorate,  germicidal  value  of.  185 
cyanide,  antiseptic  value  of,  185 
hydroxide,  germicidal  value  of.  175 
iodide,  germicidal  value  of,  185 
permanganate,  germicidal  value  of 
186 

Potato,  preparation  of,  47 
paste.  49 
bacillus,  673 
cultures  upon,  76 
rot,  bacillus  of,  716 

Pregl's  method  of  staining  bacteria    in 
tissues.  35 

Pressure  regulator  of  Moitessier,  88 

Products  of  vital  activity,  126 


Proteus  capsulatus  septicus,  429 

hominis  capsulatus,  427 

of  Karlinsky,  460 

lethalis.  462 

mirabilis,  460 

septicus,  462 

fluifureus,  682 

Zenkeri.  462 

vulgaris,  457 
PSeudodiplocoocus  pneumoniae.  333 
PSeudo-diphtheriOc  baciilus,  365 
Ptomaines,  139 
Purpura  hffimorriiagica,   bacilli  in,  4^), 

481.527 
Pus,  formation  of,  218,  263 
Putrefaction,  134 

Putrefying  material,  bacteria  in,  585 
Putrescin,  140 
Pyocyanin,  127 
Pyogenic  bacteria,  263 
Pyoktanin,  germicidal  value  of,  189 

Quinine  sulphate,  germicidal  value  of, 
186 

Babbit  aepticsmia,  bacillus  of,  408 
Bain  water,  bacteria  in,  559 
Banvier's  moist  chamber.  63 
BauschbrandtMtcillus  493 
Beli4)6ing  fever,  spirillum  of.  497 
Beproduction  by  binary  division,  113 
by  spores.  114 
rapidity  of,  114 
Bhinoscleroma.  bacteria  in.  527 

bacillus  of,  404 
Bicin.  pathogenic  action  of,  and  immunity 

from  259 
Kinderseuche,  bacillus  of.  408 
Biver  water,  bacteria  in.  559 
Bobin,  classification  of.  3 
Boll  tubes  of  Von  Esmarch,  74 
Both,  bacilli  of.  479 
Botzbacillus.  896 
Bouget,  bacillus  of,  420 
Boux's  method  of  cultivating  anaerobic 

bacteria,  79 

Sachs,  classification  of,  11 

Salicylic  acid,  germicidal  value  of,  174 

Saliva,  bacteria  of,  575 

Saprin,  140 

Saprophytes,  definition  of,  215 

Sarcimi  aurantiaca,  615 

alba,  617 

Candida,  617 

fiava,  616 

lutea.  616 

mobtlis,  720 

pulmonum,  617 

rosea.  616 

ventriculi.  617 
Sardns,  morbhology  of,  22 

generic  characters,  17 
Scarlet  fever,  bacteria  in,  527 
Scheurlen*s  bacillus,  680 
Schweinerothlauf ,  bacillus  of,  420 
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Sea  water,  bacteria  iOi  564 

Secondary  infections,  2dl 

Senile  gangrene,  bacilli  in,  478 

Septicemia,  bacilli  of,  407 

Sewers,  bacteria  in,  561 

Silicate  jelly,  46 

Silver  chloride,  germicidal  value  of ,  186 

nitrate,  germicidal  value  of,  186 
Smear  preparations,  26 
Smith,  capsule  bacilli  of,  653 
Smoke,  antiseptic  value  of,  196 
Snow,  bacteria  in,  559 
Sodium  borate,  germicidal  value  of,  187 

carbonate,  germicidal  value  of,  187 

chloride,  antiseptic  value  of,  187 

hydroxide,  germicidal  value  of,  176 

hyposulphite,  antiseptic  value  of,  187 

sulphite,  antiseptic  value  of,  187 
Soil,  bacteria  in,  567,  568,  671,  573 

pathogenic  bacteria  in,  570 
Solid  culture  media,  41 

characters  of  growth  in,  68 
Sozins,  360 

Sphserococcus  acidi  lactici,  604 
Spirilla,  general  characters  of,  18 

morphology  of,  24 

non-pathogenic.  694 
Spirillum  aureum,  700 

cholene  Asiaticse,  500 

concent ricum,  701 

dentium,  694 

of  Finkler  and  Prior,  509 

flavura,  700 

flavescens,  700 

linguse,  687 

Metschnikovi,  511 

of  Miller,  702 

nasale,  897 

Oberraeieri,  497 

plicatile,  695 

rubrum,  701 

sanguineum,  696 

serpens,  696 

of  Smith,  701 

sputigenum,  694    , 

tenue,  697 

tyrogenum,  511 

voluntans,  696 

a  of  Weibel,  698 

y  of  Weibel,  699 
Spirochsete  Obermeieri,  497 
Spirulina,  generic  characters,  18 
Spontaneous  generation,  4 
Spores,  5 

methods  of  staining,  31 

formation  of,  114 
•   germination  of,  115 

resistance  of,  to  heat,  116 

thermal  death-point  of,  149 
Staining  methods,  25 

upon  cover  glass,  25 

bacteria  in  tissues,  88 

sections  of  eelatin  stick  cultures,  36 

solutions.  29 
Staphylococci,  characters  of,  21 


Staphylococcus  albus  liquef  a< 

epidermidis  albus,  272 

pyogenes  albus,  272 

pyogenes  aureus,  265 ;  ii 
litis,  270  ;  in  ulcerative 
tis,  271 

pvo^enes  citreus,  273 

viridis  flavescens,  601 
Steam  sterilizers,  53 

disinfection  by,  203 
Sterilization  of  culture  medit 

by  discontinuous  heating 

by  dry  heat,  53 

by  filtration,  56 
Sternberg's  method  of  culti 
teria  in  liquid  media,  ( 

method  of  cultivating  an 
teria,  81 
Stomach,  bacteria  in,  580 
Streak  cultures,  75 
Streptococci,  classification  of 
Streptococcus  albus,  610 

acidi  lactici,  610 

articulorum,  278 

bombycis,  318 

of  Bonome,  325 

brevis,  61 1 

cadaveris,  611 

coli  gracilis,  609 

conglomeratus,  711 

coryzfe  contagiosiB  equo 

erysipelatos,  274 

generic  characters,  17 

giganteus  urethrse,  610 

Havaniensis,  612 

lanceolatus  Pasteuri,  29^^ 

liquefaciens,  613 

longus.  274 

of  mastitis  in  cows,  331 

perniciosus  psittacorum 

pyogenes,  274 

pyogenes  in  diphtlierit 
tions,  278 

pyosepticus,  825 

septicus,  818 

septicus  li(]uefaciens,  32 

vermiformis,  611 
Structure  of  bacteria,  111 
Sulphur  grains,  in  genus  Be 

dioxide,    antiseptic   ani 
value  of,  168 
Sulphuric  acid,  germicidal 
Sulphurous  acid,  germicidal 
Surface  of  body,  bacteria  of 
Swine  pest,  bacillus  of,  413 

plague,  bacillus  of,  417 
Sycosis,  bacilli  in,  467 
Symptomatic  anthrax,  bacil 
Syphilis,  bacteria  in,  528 

bacillus  of  Lustgarten, 

bacillus  of  Eve  and  Lin 
Syringes  for  injecting  baci 
mals,  95 

Tannic  acid,  germicidal  val 
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Tartaric  acid,  germicidal  Yalne  of,  175 
Temperature  favorable  for  growtli,  119 
TeiaDin,  142,  484 
Tetanotoxin,  485 
Tetanus  antitoxin,  488 

bacillus,  482 

toxalbumin,  148 
Tetrads,  definition  of,  22 
Texas  fever  of  cattle,  bacteria  in,  628 
Thermal  death-point  of  bacteria,  147 ;  of 

spores,  149 
Thermo- regulator  of  Bohr,  88 

electro-magnetic,  90 

of  Mttncke,  90 

of  Reichert,  88 

of  Rohrbeck,  86 
Thermo-re^ulators.  86 
Thymic  acid,  germicidal  value  of,  175 
Thymol,  antiseptic  value  of,  196 
Thymus  bouillon,  280 
Tin  chloride,  germicidal  value  of,  187 
Tobacco  smoke,  antiseptic  value  of,  197 
Toxalbumins,  142 
Trachoma,  pus  cocci  in,  282 
Trimethylamine,  140 
Tubercle  bacillus,  cultivation  of,  881 

chemical  products  of,  B»6 

method  of  obtaining  pure  culture  of, 
383 

methods  of  staining,  80 

thermal  death-point  of,  880 
Tuberculin,  144,  8»7 
Tuberculosis,  bacillus  of,  375 

diagnosis  of,  in  cows,  889 

of  fowls.  3y3 

transmission  of,  S91 
Turpentine,  oil  of,  antiseptic  value,  196 
Typhoid  bacillus,  detection  of,  in  water, 
353 

fever,  bacillus  of,  337 

fever,  bacillus  of,  in  spleen  of  man, 
340 

fever,  experiments  on  animals,  341 
Typhotoxin,  141,  351 
Typhus  fever,  bacteria  in,  528 

Underclothing,  bacteria  of,  574 
Unna's  method  of  filtering  agar,  45 


Urea,  fermentation  of,  132 
Urine  as  a  culture  medium,  39 

germicidal  action  of,  200 
Urobacilll  of  Miquel.  722-724 
Urobadllus  Dudauxi,  723 

Freudenreichi,  723 

Maddoxi,  724 

Pasteuri   722 

SchQtzenbergi,  724 
Utpadel,  bacillus  of,  477 

Vaccinia,  bacteria  in,  528 

Vagina,  bacteria  of,  578 

Valerianic  acid,  ^rmicidal  value  of,  175 

Varicella,  bacteria  in,  528 

Variola,  bacteria  in.  528 

Vibrio  Metschnikovi,  511 

proteus,  509 

rugula,  695 
Vibrion  septique,  488 
Virulence,  recovery  of,  125 

loss  of,  124 
Viscous  fermentation,  133 
Vital  activity,  products  of,  126 

Water,  bacteria  in,  553 

bacteria,  methods  of  collection,  554, 

555 
bacteria,  counting  colonies  of,  o57 
list  of  bacteria  found  in,  565,  566 

Weigert's  method  of  staining  bacteria  in 
tissues,  34 

Well  water,  bacteria  in,  561 

Whooping  cough,  bacilli  in,  469 

Wildaeucbe.  bacillus  of,  408 

Winogradsky,  nitrifying  bacillus  of.  710 

Wurmkrankheit,  406 

Yellow  fever,  bacteria  in,  529-531 

Ziebl's  solution,  29 

Ziehl  Neelsen  method  of  staining  tubercle 

bacilli,  30 
Zinc  chloride,  germicidal  value  of,  187 
sulphate,  germicidal  value  of,  188 
ZoOglcca,  definition  of,  21 
Zopf,  classification  of,  13 
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